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especially in areas involved in language. 
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normally involved in vision 
for, say, language processing” 
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job. Learning new skills, such as juggling, 
can literally grow your brain, too. 
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At the same time, the brain can 
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People who are blind appear to use the 
parts of their brain normally involved 
in vision for language processing, or 
for maths, for example. People without 
hands can learn to use their feet for 
many ofthe same functions, including 
to paint. Such artists’ brains have 
dedicated “toe maps”: brain regions 
that represent each toe. Such maps 
simply don’t exist in people with hands. 

There is plenty to learn about this 
complicated organ. We are only just 
discovering the brain’s potential to 
regenerate neurons later in life, and why 
sending a jolt of electricity into the brain 
might treat neurological conditions or 
improve cognition. But the more we do 
learn, the more this squidgy organ will 
continue to fascinate. ff 
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Coronavirus update 


How bad will it get? 


While the coronavirus death rate may be lower than some estimates, 
case numbers may be far higher, reports Debora MacKenzie 


THE World Health Organization 
has now named the new 
coronavirus disease: Covid-19. 

If the virus isn’t halted, it could 
infect 60 per cent of the world’s 
population and kill one in100 of 
those infected -— around 50 million 
people —- Gabriel Leung, at the 
University of Hong Kong, told 
The Guardian on 11 February. 

But no one knows ifit really 
will, because we don’t know 
whether the virus can be 
contained, how deadly it is 
and how many people have it. 

The number of confirmed 
cases globally reached 42,000 on 
Tuesday, but the rise in cases has 
been slowing since 6 February. 
This suggests China’s decision to 
limit people’s movements in the 


most affected province, Hubei, 
is working and that containment 
may be effective. 

That isn’t certain, however. 
The decline may also reflect 
overwhelmed hospitals or testing 
labs. Studies continue to estimate 
that there are far more cases in 
China than those reported. What’s 
more, tests of people repatriated 
from China hint there are many 
mild and asymptomatic cases, 
who may be able to spread the 
virus but aren't necessarily being 
tested or quarantined. 

Even if mild cases are being 
tested, they may not have been 


making it into official figures. 
Diagnostic guidelines issued last 
week in China say people without 
symptoms who test positive for 
the virus as part of efforts to trace 
contacts of known cases should 
only be counted as confirmed 
cases if they start showing 
symptoms. The WHO said on 
Tuesday this would change. 

As for death rates, these are hard 
to calculate early in an epidemic, 
when the outcome of most cases is 
still unknown, says Neil Ferguson 
at Imperial College London. 

Using models based on the rate 
of rise of deaths, Ferguson and his 


More on the coronavirus online 
All the latest on the science of the outbreak 
newscientist.com/article-topic/coronavirus 
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colleagues have calculated 

that some 18 per cent of people 
confirmed to have the virus in the 
Chinese city of Wuhan die. This is 
similar to earlier estimates. 

However, to get tested in Wuhan 
because ofillness, not as part of 
contact tracing, you must have 
pneumonia or worse. This means 
death rates among confirmed 
cases in Wuhan are likely to be 
higher than among groups that 
include milder illness. 

For example, travellers from 
China are tested ifthey have 
flu-like symptoms, so for them 
Ferguson’s model gives a lower 
death rate of 5 per cent. 

Meanwhile, hints of how many 
people in Wuhan may really be 
infected with the virus come from 
tests of the 750 people who have 
been repatriated from the city to 
Germany and Japan. Of these, 

10 infections were found. We know 
details of eight of these cases, of 
which five were symptomless. This 
suggests that 1.3 per cent of people 
in Wuhan may have the virus, 
many unknowingly. 

Based on this, Ferguson’s team 
calculates that, by 31 January, there 
were at least 24,000 new cases a 
day in Wuhan, which calls into 
question the current fall in case 
reports, which number around 
3000 a day. This could also mean 
that total case numbers in China 
may now be as many asa million. 
If this is the case, and if all deaths 
in Wuhan are being detected, then, 
says the team, the overall death 
rate is only around 1 per cent — 
which matches Leung’s prediction. 

But age matters. In China, 

80 per cent of deaths have been 
in people aged over 60. While 
China has a median age of 37.4, 
the median age in the European 
Union, for example, is close to 43, 
meaning more residents may be 
vulnerable there. 8 
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News Coronavirus update 


Pandemic preparedness 


Race to get ready 


As the coronavirus spreads in countries other than China, no nation 
is fully prepared for a pandemic, reports Michael Le Page 


THE new coronavirus is now 
spreading in several countries. 
As New Scientist went to press, 
eight cases of infection had been 
confirmed in the UK, including 
aman who went home to Brighton 
from a conference in Singapore 
viaa ski resort in France. 

Four other people on the ski trip 
were diagnosed as infected after 
returning to the UK, including a 
doctor. The medical centre where 
the doctor works has now been 
shut. A further five people at the 
ski resort were diagnosed while 
still in France, and one other case 
was confirmed on return to Spain. 

So is the rest of the world 
ready for the coronavirus? The 
short answer is no. “Iam utterly 
convinced that no country is 
fully prepared,” says Jennifer 
Nuzzo at the Johns Hopkins 
Bloomberg School of Public 
Health in Maryland. 

Serious disease outbreaks pose 
three threats. There is the direct 
impact in terms ofillness and 
deaths. Then there are people 
with other illnesses who are 
disadvantaged because health 
services are overwhelmed. For 
instance, regular vaccinations 
ceased during recent Ebola 
outbreaks in West Africa, 
leading to children dying of 
other diseases. Finally, there is 
the economic impact of travel 
bans and people not working. 

Nuzzo is one of the authors 
of the Global Health Security 
Index, which scores countries 
out of 100 based on their ability 
to cope with these threats. 

The average score in 2019 was 
just 40. China scored 48. The US, 
UK, the Netherlands, Australia 
and Canada top the ranking, with 
scores ranging from 84 to 75, 
but they too will struggle ifthe 
coronavirus becomes a pandemic 
and spreads globally, even ifit isn’t 
especially deadly, says Nuzzo. 
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For now, the aim is to stop the 
coronavirus from spreading. 
The strategy is to identify people 
who are infected, quarantine 
them and trace their contacts 


in case any are infected too. 


Imminent threat 


As long as the number of cases 
spreading beyond China remains 
atrickle, rich countries are well 
placed to do this. But many poorer 
countries don’t yet have the 
capacity to test for the virus. 
Hospitals in the US and the 
UKare preparing isolation 
facilities, and on Monday, the UK 
declared the virus an imminent 
threat, allowing the country to 
forcibly quarantine people. 
There are concerns that 
some countries aren’t providing 
sufficient funding and training. 
“Bottom line: they aren’t taking 
this seriously enough,” US senator 
Chris Murphy tweeted last week 
after attending a briefing on the 
US government’s preparations. 
Isolating all infected people in 


hospitals and tracing their contacts 


also works only if case numbers 
remain low. If case numbers rise, it 
doesn’t make sense to fill hospitals 
with people with mild infections 
who don’t need treatment. 
At this point, the strategy 
would have to switch to 
asking people with mild cases 
to isolate themselves at home, 
and treating people who are 
seriously ill in communal wards. 
“In that case, we are inan 
epidemic situation,” says Mark 
Woolhouse at the University of 


“If coronavirus is worse 
than swine flu, it will 
be horrendously 
difficult to handle” 


Edinburgh, UK. “We won’t 
be able to control it, and it 
will have to run its course.” 

Paul Hunter at the University 
of East Anglia, UK, thinks a 
coronavirus pandemic would be 
no worse than the 2009 H1N1 
swine flu pandemic. Efforts to 
contain this outbreak after it 


People in London are 
concerned the coronavirus 
will reach the city 


began in Mexico failed and it 
spread globally, infecting up to 

a quarter of the population and 
killing up to 500,000 —a death rate 
of approximately 0.02 per cent. 

Nuzzo agrees it is plausible a 
coronavirus pandemic could be 
similar to swine flu, but says the 
US would be hard-pressed to 
manage even in this scenario. 

However, there are reasons 
to think a coronavirus pandemic 
could be worse than the 2009 
pandemic was. Infected people 
seem to pass the virus on to 
between two and four others on 
average, compared with about 
1.5 for flu, says Woolhouse. There 
is also no pre-existing immunity 
against coronavirus, whereas older 
people had some against H1N1. 

Woolhouse stresses that he 
isn’t predicting that a coronavirus 
pandemic will be worse than 
H1N1 was. “But we should at least 
think about what we would do 
in those circumstances,” he says. 

The UK authorities have 
planned only for a pandemic 
similar to 2009. They are currently 
discussing whether a more severe 
outbreak is a reasonable concern, 
says Woolhouse. 

“Ifit is worse than H1Ni1, then 
it would be horrendously difficult 
to handle,” says Hunter. 

No one can say for sure what 
will happen. But Nuzzo thinks it 
is already too late to stop the virus 
going pandemic, and that China’s 
drastic measures to contain it will 
cause a lot of harm. “I’m really 
worried about the potential 
disruption that their measures 
will cause,” she says. 

Nuzzo thinks efforts should 
focus on preparing communities 
to cope with the virus rather than 
trying to halt its spread. ff 


Testing in Africa 


African nations step up efforts 
to prevent spread of coronavirus 


Debora MacKenzie 


AS PEOPLE start to pick up the 
coronavirus in countries other 
than China, fears are rising that 

it could explode somewhere 

less able to contain it. African 
countries, many of which have 
strong trade links with China but 
limited healthcare infrastructures, 
are of particular concern. 

As of 11 February, no case had yet 
been diagnosed in Africa, but the 
continent is bracing for its arrival. 
A recent African Union workshop 
in Dakar, Senegal, trained lab 
technicians from 15 countries in 
how to test for the virus. Last week, 
only two public health labs on 
the continent, in Senegal and 
South Africa, could test for the 
coronavirus. By the end of this 
week, 29 countries will be able to. 

“A month ago, I wouldn’t 
have said this, but now I think 
we will be able to catch cases,” 
says John Nkengasong, head of 
the Africa Centres for Disease 
Control and Prevention in Addis 
Ababa, Ethiopia. 

But if cases escape detection, 
poverty, social instability and 
weak healthcare systems in 
some countries could lead to 


Virology 


Wuhan-like virus 
discovered seven 
years ago 


THE Covid-19 coronavirus is similar 
to one detected in bats in Chinain 
2013. Buta failure to act on the 
warnings of those who studied it 
means we missed an opportunity 
to protect human health. 

While some are now saying the 
Covid-19 virus passed to humans 
from pangolins, it is likely that 
pangolins are merely victims of the 
infection, like us. “From the virology 
evidence available to date, the virus 
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an epidemic with a potentially 
global impact. “If we get a massive 
wave of infection, we can’t control 
it,” says Nkengasong. 

Expanded testing capability 
will help, as will existing medical 
surveillance networks. Although 
the Democratic Republic of the 
Congo’s Ebola epidemic that 
began in 2018 is ongoing, the 
outbreak has been contained 
within the country’s borders. 


The Pasteur Institute 
in Dakar, Senegal, 
is studying the virus 


is almost certainly from a species 
of bat,” says Andrew Cunningham 


of the Zoological Society of London. 


For years, Zheng-Li Shi and her 
colleagues at the Wuhan Institute 
of Virology have been isolating 
coronaviruses from horseshoe bats 


in caves in China’s Yunnan province. 


In 2013, they found a coronavirus 
that could infect human cells in the 
lab. Last week, Shi reported that 
this virus is 96 per cent identical 
to the Covid-19 virus now 
spreading in people. 

In 2016, Wayne Marasco at 
Harvard Medical School and his 
colleagues found that the virus 


“Ebola has put those networks 
on high alert,’ says Nkengasong. 
“We're building on that.” 

More than 2600 flights a year 
run between China and the 
continent, but this isn’t especially 
high. Using flight data and 
computer models, Alessandro 
Vespignani of Northeastern 
University in Boston calculates 


that the 25 countries at highest risk 
of importing a case of coronavirus 


are mostly in Asia, followed by 
North America and Europe. 
Andrew Tatem and his 


colleagues at the University of 


discovered by Shi’s team could 
replicate in human airway cells. 
They described it as being “poised 
for human emergence”. However, 
they say further research on this 
virus was hampered by the US 
government's ban on work that 
alters viruses in ways that might 
make them more dangerous. 

Shi’s work has also revealed that 
viruses can pass directly from bats 
to people living near their caves. 


96% 


The similarity between Covid-19 
virus and a virus found in 2013 


Southampton, UK, have calculated 
that London has a10 times higher 
risk—and Tokyo a 60 times higher 
risk - of getting a case than Nairobi 
or Johannesburg. 

But ifthe risk of importing 
the virus is relatively low, says 
Vittoria Colizza of Sorbonne 
University in Paris, France, the 
problem is what happens once 
acase alrives. That person and 
their contacts must be found 
and quarantined, and that 
is difficult in places where health 
infrastructure, and sometimes 
public trust, are limited. 

Using air travel data and 
official assessments of countries’ 
response capabilities, Colizza 
identifies Nigeria, Ethiopia, 
Sudan, Angola, Tanzania, Ghana 
and Kenyaas Africa’s most 
at-risk countries. 

Some of these countries are 
already stretched due to other 
infections, including malaria 
and Rift Valley fever. “We are 
fighting six epidemics now,” 

a representative of Sudan told 
the World Health Organization 
in Geneva last week. “We don’t 
need another one.” I 


Her findings suggest we didn’t need 
pangolins to catch the Covid-19 
virus, just as she previously revealed 
that SARS can come directly from 
bats without first infecting civets. 

Last year, Shi warned that it 
was highly likely coronavirus 
outbreaks would originate in bats 
in China. “The investigation of bat 
coronaviruses becomes an urgent 
issue for the detection of early 
warning signs,” she wrote. 

Now this opportunity has been 
missed, Shihas made a plea for 
increased efforts to develop drugs 
and vaccines. ff 
Debora MacKenzie 
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News 


Neuroscience 


Teenager excels with half a brain 


18-year-old with extremely rare brain condition has above-average reading skills 


Jessica Hamzelou 


A TEENAGER who was born 
without the entire left hemisphere 
of her brain has above-average 
reading skills — despite missing the 
part of the brain that is typically 
specialised for language —-New 
Scientist can exclusively reveal. 

The 18-year-old also has an 
average-to-high IQ and plans to go 
to university. Brain scans reveal 
she has more of the type of brain 
tissue involved in reading than 
typical. Tests of her brain activity 
indicate that the right side of her 
brain has taken on some of the 
functions of the left, suggesting 
that the organ has adapted to 


typically developing children of 
the same age, and her vocabulary 
was profoundly limited. But she 
improved over the years, and had 
average speaking skills by the time 
she was 4-and-a-half years old. 
Her vocabulary and syntax 
improved, too. By the time she 
was almost 5, C1had caught up 
with her peers. “In most of 
the tasks, she was within the 
normative average when she 
entered primary school,” says 
Salomi Asaridou at the University 
of Oxford, who has been studying 
her development. 


compensate for the missing tissue. “The teenager has hemi- 


The parents of the woman, 
known as C1, first noticed 
something was amiss when she 
was 7 months old. Most babies 
stop clutching their thumbs with 
their fist at around this age, but C1 
continued to do so with her right 
hand. A brain scan at 10 months 
old revealed there was a sac of 
fluid where her left hemisphere 
should have been. 

The woman has been diagnosed 
with hemi-hydranencephaly, an 
extremely rare condition in which 
alarge part of the brain’s cortex is 
missing. Only nine cases have ever 
been reported. 

C1 was enrolled ina research 
project when she was 14 months 
old. A team based at the University 
of Chicago followed her progress 
until she was 16 years old, along 
with that of 64 children with 
typical brains and 40 children 
who had experienced strokes in 
the weeks before or after birth. 
Their language, reading, spatial 
and maths skills were tested every 
four months until they were 
nearly 5 years old. 

At first, C1’s language skills were 
below average compared with 


Achild with the rare condition 
of hemi-hydranencephaly 
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hydranencephaly. Only 
nine cases of this condition 
have ever been reported” 


C1 has excelled in other areas 
as well. When, between the ages 
of 5 and7, researchers tested her 
ability to recognise and reorganise 
the sounds in words, C1 surpassed 
her peers. She was also exceptional 
at reading and was “in the superior 
range, and significantly better 
than our typically developing 


group”, says Asaridou. 

What’s more, C1’s language 
skills don’t seem to have come 
at the expense of other cognitive 
skills, says Asaridou. As well as 
her IQ being in the average-to- 
high range for her age, she has 
typical spatial skills, and she is 
exceptionally good at short-term 
memory tests that involve 
recalling sequences of numbers. 

Brain scans have revealed more 
about C1’s remarkable brain. When 
she was 14 years old, researchers 
used functional MRI to study her 
brain activity while she listened 
to stories. Asaridou and her 
colleagues compared C1’s results 
with those of 30 typically 
developing children who were 
between 12 and 14 years old. 

“C1’s pattern of activity 
resembled what we saw in the 
left hemisphere of typically 
developing children,” says 
Asaridou. This adds to evidence 


that C1’s right hemisphere 
has adapted to take on some 
of the functions the left side 
usually handles, suchas 
language processing. 


Asecond set of scans, taken 
at the same age, revealed that 
C1’s brain has more white 
matter — the tissue that connects 
brain regions and allows them 
to communicate - than is typical. 
Specifically, she has more white 
matter in regions known to be 
involved in language skills, such as 
mapping sounds to articulation 
and reading, says Asaridou. 


Rare case 


C1is rare among people with 
hemi-hydranencephaly, says 
Asaridou. Of the other known 
cases, only two of the six people 
tested have had no problems with 
language development. Asaridou 
thinks that a mixture of nature 
and nurture might have helped 

C1. Her family is affluent, so her 
parents could afford to provide 
her with speech and physical 
therapy from an early age. Cihas 

a younger brother who performs 
exceptionally in language tests, 
suggesting there might bea 
genetic factor to the siblings’ 
success, says Asaridou. “But this 

is all speculation. It’s a complicated 
case with a unique contribution of 
different factors.” 

C1 does still experience some 
difficulties with moving the right 
side of her body. But she appears 
to be doing well in life generally 
and has successfully completed 
her exams. 

Faraneh Vargha-Khadem at 
Great Ormond Street Hospital 
for Children in London says 
she isn’t surprised that C1 has 
developed sophisticated 
language skills. Every year, about 11 
to15 children with severe epilepsy 
have surgery at the hospital to 
remove an entire hemisphere of 
their brain, and they tend to 
recover well, demonstrating how 
remarkable the brain is, she says, 
“and how little we know about it”. 8 


Data privacy 


People are willing 
to sell their personal 
data fora pittance 


Chris Stokel-Walker 


WE ARE increasingly aware that our 
personal information is a valuable 
commodity - but just how valuable? 
A survey has revealed that many 

of us will part with sensitive data 
for fairly small sums. 

Scott Wallsten at the Technology 
Policy Institute, a think tank in 
Washington DC, and Jeffrey Prince 
at Indiana University asked 15,600 
people in six countries how much 
they would need to be paid to 
allow ongoing access to their data. 

While participants demanded the 
most money - an average of $8.44 
per month - to give access to their 
bank balance, people also valued 
their fingerprints. Across the US, 
Mexico, Brazil, Colombia, Argentina 
and Germany, people wanted an 
average of $7.56 per month to 
share this biometric data. 

Those over the age of 45 valued 
their biometric data twice as much 
as those under the age of 45. 

“It makes sense people care 
about biometrics,” says Wallsten. 
“If you lose your fingerprint data, 
you can't get another fingerprint.” 

People were less worried 
about sharing their location, asking 
just $1.82 per month on average. 
“It's possible people are thinking 
about the benefits of sharing their 
location data, whereas the other 
benefits aren't immediately 
apparent,’ says Wallsten. 

Surprisingly, people in the 
Latin American countries surveyed 
would be willing to pay, rather than 
be paid, to receive ads. “People 
generally didn't mind too much 
getting ads,” says Wallsten. 

The research helps quantify 
the value that people put on their 
data, says Jesse Blumenthal of 
the Internet Law & Policy Foundry 
in Washington DC. “We often tend 
to have privacy debates in the 
abstract or based on absolutist 
statements,” he says. “This helps 
us weigh a cost-benefit analysis 
of privacy rules and regulations.” I 
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Physics 


Photon trick bends rules 
of quantum mechanics 


Leah Crane 


A TRICK of the light has 
allowed us to bend the rules 
of quantum mechanics. This 
may one day prove useful for 
building quantum computers. 
Many of our intuitions about 
quantum mechanics are based 
ona foundation of experiments 
using just one or two particles of 
light, called photons. One of the 
most famous is the double-slit 
experiment, in which a single 
photon is sent towards a barrier 
with two slits in it. Classical 
physics says the photon can 
only pass through one slit, 
but quantum physics says 
otherwise: the photon creates 
an interference pattern as ifit 
has gone through both slits. 
This can only happen if you 
don’t attempt to measure which 
slit the photon passes through: 
trying to have a peek by placing 
a detector at the barrier prevents 
the pattern from forming. 
“There’s this magic-seeming 
thing that happens in quantum 
mechanics, which is that if 
there are multiple ways for an 
event to happen and you don’t 
know which way it happened, 
you get quantum interference,” 


says Alex Jones at the 
University of Bristol, UK. 

Now Jones and his colleagues 
have discovered that adding 
more photons can bend the 
no-peeking rule. Another key 
experiment uses two photons 
that can each travel along two 
different optical fibre paths, a 
total of four possible outcomes. 
When the photons are 
indistinguishable from one 
another, quantum interference 
means they bunch together and 
always take the same path. 


Ly 


Number of photons needed 
to bend quantum mechanics 


Ifthey are distinguishable, 
though — for example, if one is 
a red wavelength and the other 
is blue—they sometimes take 
different paths. The more 
distinct they are — the further 
apart their wavelengths, say — 


the more likely this is to happen. 


Jones and his colleagues 
performed a variant of this 
experiment with four photons, 
each with four possible paths, 


Quantum 
interference is 
tricky to interpret 


a total of 16 ways. Instead of 
making the photons red or blue, 
the team manipulated their 
polarisations and the times 

at which the photons were 

sent into the experiment. 

The group found that even 
though the photons were 
different, they all interfered 
with each other, meaning they 
followed the same path more 
often than we would expect 
based on classical physics. 

“For large-enough systems, the 
intuition you get from small- 
scale demonstrations with just 
two photons breaks down,” says 
Jones. It should work with more 
than four particles, he says. 

This doesn’t break any rules 
of physics, says Jones. It works 
because there is stilla degree 
of uncertainty over which path 
each photon took, which causes 
quantum interference in the 
same way as not being able 
to tell which photon is which 
(arxiv.org/abs/2001.08125). 

Barry Sanders at the 
University of Calgary in Canada 
is sceptical. “I don’t think this is 
a surprise,” he says. “The way we 
typically talk about photons 
interfering, we don’t typically 
take into account polarisation.” 
That could be introducing a 
spurious result, he says. 

Ifthe experiment holds up 
under scrutiny, Jones says that 
the practical uses aren’t clear 
yet. “The original two-photon 
experiment is one of the 
most important parts ofthe 
toolkit for some kinds of 
quantum computing,” he says. 
“Maybe in some years’ time 
our work will find a practical 
application in these quantum 
technologies too.” I 
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News 


Gene editing 


CRISPR shows promise in cancer 


First trial of this form of gene editing for people with tumours passes safety test 


Michael Le Page 


IMMUNE cells altered with CRISPR 
gene-editing technology to fight 
cancer have been injected into 
people without any serious side 
effects, the first US trial ofits kind. 

It is also the first CRISPR cancer 
trial in the world to publish its 
findings, and the positive results 
will pave the way for more trials. 

“It’s an important milestone,” 
says Waseem Qasim at the UCL 
Great Ormond Street Institute 
of Child Health in the UK, whois 
carrying out a similar trial there. 

The US test was only to assess 
safety. The three participants 
had advanced cancer that hadn’t 
responded to other treatments, 
and were given only one dose of 
gene-edited cells. “Is it safe and 
feasible?” says Edward Stadtmauer 
at the University of Pennsylvania, 
one of the researchers. “I think 
that’s what we demonstrated.” 

At the moment, blood cancers 
can be treated by removing 
immune cells from individuals, 
adding a gene that makes them 
target cancer cells and putting 
them back in the body. 

But this treatment doesn’t work 
for everyone, says Stadtmauer. 
And in some, it works at first 
but they later relapse. 


Zoology 


Tree-climbing fish 
can also hop across 
water's surface 


A SPECIES of fish known for its 
unusual ability to climb trees has 
now been spotted hopping across 
water. The team that made the find 
says it seems to be a previously 
unknown form of fish locomotion. 
“We already considered this fish 
to be very special since it was so 
adept at climbing trees and rock 
faces,” says Parvez Alam at the 
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The hope is that using CRISPR 
technology to delete genes that 
weaken the response of immune 
cells to cancer, in addition to 
adding the tumour-targeting 
gene, will make this approach 
even more effective. For instance, 
immune cells have a safety switch, 
called PD-1, that other cells can 
flip to say “don’t hurt me”. Many 


cancers exploit this to avoid attack. 


In the US trial, immune cells 
were removed from three people 
who had tumours with the same 
protein on their surface. A virus 


University of Edinburgh, UK. “But 
the hopping was even more bizarre 
a finding than we had expected.” 
Mudskippers are amphibious 
fish that can breathe out of water 
and use their pectoral fins to move 
about on land. They could be living 
examples of how organisms may 
have transitioned from water to 
land 350 to 400 million years ago. 
Alam and his colleagues 
originally went to the Indonesian 
island of Java to study how 
the dusky-gilled mudskipper 
(Periophthalmus variabilis) 


Gene editing may one 
day replace some forms 
of cancer treatment 


was used to add a gene to make the 
immune cells target this protein. 
Next, three genes, including 
that for PD-1, were deleted using 
CRISPR. After six weeks, the cells 
were put back in the individuals, 
where they survived for at least 
9 months (Science, doi.org/dk8f). 
There were two big safety 
concerns. Firstly, CRISPR can cause 
unintended changes to genomes 


climbs inclined surfaces such 
as trees, rocks and mangrove 
roots. But when the researchers 
approached the mudskippers, 
the fish leapt from trees or rocks 
onto the neighbouring water and 
hopped across the surface. 

An analysis of footage revealed 
that the hopping was made possible 


by short, rapid bursts of tail-beating. 


“Mudskippers appear to 


actively avoid returning 
to the water, even when 
danger is imminent” 


that could turn cells cancerous. 
Deleting three genes means 
cutting around each one in three 
spots in the genome, for instance, 
and the wrong ends can be joined 
up. This did happen in some cells, 
but there was no sign of any of 
them turning cancerous. 

The second worry was that 
lingering traces of the protein 
used for CRISPR gene editing 
might trigger an immune 
reaction, since it is of bacterial 
origin. There was no sign of this. 

The trial won’t continue 
because the gene-editing 
technology used is already 
outdated, says Carl June, also at 
the University of Pennsylvania. 
Anew form of CRISPR called base 
editing now exists that can be 
used to inactivate genes without 
cutting DNA, which should reduce 
the cancer risk even further. 

There are “limitless” other 
ways to edit immune cells to 
make them more effective, says 
Stadtmauer. In particular, he 
wants to create “off-the-shelf” 
cells that could be given to 
anyone, rather than modifying 
each person’s own cells. This 
would speed up treatments 
and reduce costs. 


These movements accelerate each 
fish across the water's surface and 
propel it into the air. The fish briefly 
remains airborne before landing 
back onto the water to repeat 

the process for a subsequent 

hop (Zoology, doi.org/dk8s). 

“This observation highlights 
how well adapted mudskippers 
are to life on land, where returning 
to the water appears to be actively 
avoided, even when danger is 
imminent,” says Alice Gibb at 
Northern Arizona University. I 
James Urquhart 
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World's largest firework 


Heavyweight shell breaks world record in Colorado 


Bethan Ackerley 


STEAMBOAT Springs, Colorado, was 
briefly home to the world’s largest 
firework on 8 February. Weighing 
around 1270 kilograms, roughly 
the same as a small car, the 
150-centimetre shell travelled at 
more than 480 kilometres per hour 
from a steel tube embedded in the 
nearby Emerald mountain. 

The firework rose around 
670 metres into the air before 
exploding, painting the night sky a 
vivid red and showering spectators 
with sparks. An attendee from 
Guinness World Records confirmed 
the new record. It had previously 
been held by a 1080 kilogram shell. 

The four-person team behind 
the firework was led by Tim Borden, 
a local fireworks enthusiast. 
The group has been building 
progressively larger fireworks 
for seven years in an effort to beat 
the world record. It took the team 
a month to create the firework’s 
sturdy shell casing out of more than 
1600 metres of packing tape. 


STEAMBOAT FIREWORKS 


Botox jet spray may help extreme sweaters 


BLASTING the skin with liquid 
Botox at high pressure could 
be a new way to help people 
with extremely sweaty palms 
and armpits. 

Severe sweating that is usually 
unrelated to exercise or heat can 
disrupt day-to-day life and affects 
about 5 per cent of people. It can 
hinder relationships and work 
due to feelings of embarrassment, 
not wanting to shake hands or 
socialise, difficulty holding objects 
and the need to change clothes 
often, says Samantha Eisman at 
Sinclair Dermatology, a skin clinic 
in Melbourne, Australia. 

Conventional treatments for 
the condition, such as surgery, 
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medication and prescription 
antiperspirants, often don’t work 
or have unwanted side effects. For 
example, surgery to stop sweating 
from the palms and armpits can 
lead to sweating from other areas 
of the body instead. 

Injecting botulinum toxin, sold 
under the trade name Botox, into 
the skin to block the nerves that 
are responsible for sweating is a 
popular alternative that works 
relatively well. But a big drawback 
is that the procedure requires 
many injections and can be 
extremely painful, even when 
anaesthetic is used. 

Hyoung Moon Kim at Maylin 
clinic in South Korea and his 


colleagues have invented a needle- 
free alternative that shoots liquid 
Botox into the skin with a high- 
pressure jet nozzle. They tested it 
on 20 people with severe palm or 
armpit sweating, or both. 

It successfully delivered Botox 
into the skin. One month later, 


the participants said their 
sweating had mostly stopped 

on their palms and armpits 

(Skin and Research Technology, 
doi.org/dk8x). This was confirmed 


by chemical tests of their skin. 

The study didn’t compare the 
new device with conventional 
Botox injections, but Kim says the 
new method was less painful. The 
participants’ average pain rating 
was 16 out of 100 when the device 
was used on their armpits and 
33 out of 100 on their palms. 

There were no other side effects. 

We still need a bigger study 
to compare conventional Botox 
injections with the new method to 
confirm it is less painful and works 
as well as needles, says Eisman. “It 
certainly looks like an encouraging 
option ifa larger study confirms 
its efficacy,” she says. 

Alice Klein 


Health 


UV-sensitive lenses 
could tell you when 
to find some shade 


Donna Lu 


OUR skin needs to get a certain 
amount of ultraviolet light to 
produce vitamin D, but how do we 
know when we have had too much 
sun? Wearables that change colour 
with UV light exposure could tell us. 

Ali Yetisen at the Technical 
University of Munich in Germany 
and his colleagues created devices 
using liquid dyes that change colour 
when exposed to two types of UV 
radiation: UVA and UVB. The dyes 
go from yellow to green, and white 
to pink, blue or yellow. 

These were incorporated into 
objects such as a wristband, a 
patch applied to the skin and small 
discs incorporated into the edge 
of sunglasses or contact lenses. 

By assessing the colour change, 
the wearables give a cumulative 
measurement of UV exposure 
during the day (Advanced Optical 
Materials, doi.org/dk82). 

The team also created a 
smartphone app to be used with 
the wristband. A user takes an 
image of the wearable and the app 
then quantifies exposure based 
on the colour of the dye. The app 
allows a person to track their 
cumulative UV exposure over long 
periods of time, says Yetisen. 

How much UV exposure is 
safe depends on an individual's 
skin type. For example, pale 
Caucasians can tolerate relatively 
little exposure before skin damage 
occurs because they have lower 
levels of the skin pigment melanin, 
which is protective against UV 
radiation. A user can input their 
skin type into the app to adjust 
their recommended UV 
thresholds accordingly. 

The UV-sensitive components 
of the wearables have to be 
replaced after use because the 
colour change can’t be reversed, 
says Yetisen. And some of the 
UV-sensitive dyes are toxic, so 
future work will need to ensure 
safe materials are used. fl 
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Analysis Consumer genetics 


The business of DNA analysis 2 3andMe and Ancestry are 
laying off staff as sales slump — but there’s plenty of profit to be 
made from their huge DNA databases, says Jessica Hamzelou 


GENETIC testing companies 
23andMe and Ancestry are laying 
off staff as sales of their DNA tests 
slump. But both are sitting on vast 
amounts of data from millions of 
their customers, which could 
potentially deliver huge profits. 

Since 23andMe launched in 
2007,more than 10 million 
people have signed up to the 
company’s services, while 
Ancestry says it has tested 
16 million people. 

But sales of DNA testing kits 
have been slowing over the past 
year and a half. Last month, 
23andMe announced it was 
laying off 100 people - 14 per 
cent of the workforce. This week, 
Ancestry announced lay-offs 
affecting 6 per cent of employees. 

Why the slump? 23andMe 
CEO Anne Wojcicki told CNBC 
that concerns over privacy may 
be turning people off DNA tests. 

Perhaps that is to be expected, 
given recent events. People who 
buy a genetic test can access the 
raw data of their results and upload 


Consumer interestin 
DNA tests seems to be 
on the decline 
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them to other websites. It was 
DNA profiles like these, uploaded 


to a free website called GEDmatch, 


that enabled law enforcement 
agencies to track down aman 
thought to be responsible for 
decades-old murders and rapes, 
known as the “Golden State Killer”. 
By taking DNA from a crime 
scene and comparing it to profiles 
available on the site, agencies 
could identify the man’s relatives 
and track him down from there. 
Both 23andMe and Ancestry 
say the companies won't willingly 
share genetic data with law 
enforcement agencies, but they 
may be forced to if given a court 
order. “It has the potential to 
spook people,” says Brad Malin at 


Vanderbilt University in Tennessee. 


There may be other reasons for 
the sales downturn. Perhaps the 
novelty of getting your DNA tested 
has worn off, and most of the 
people who would want to buy a 
kit have already done so. 

New technologies may fly off 
the shelves when they are first 
launched, only to later hit what 
one consultancy firm calls a 
“trough of disillusionment”, says 
Rachele Hendricks-Sturrup at 


Harvard Pilgrim Healthcare 
Institute in Boston. 

Either way, it might not matter 
too much for these companies 
in the long run. Both are sitting 
on vast, valuable data sets that 
contain information on their 
customers’ DNA alongside a 
Suite of other personal details. 

There are limits to the data, 
however. Consumer genetic tests 
don't tell people everything they 
need to know about their risk of 
disease, for example, and have 


6% 


Percentage of staff laid off by 
genetic testing firm Ancestry 


been criticised for unnecessarily 
worrying some people and 
creating a false sense of security 
in others. 

And because the companies 
mostly hold self-reported data on 
their customers, there is plenty of 
room for error. 

But that doesn’t mean what they 
have isn’t useful - or profitable. In 
2018, GlaxoSmithKline invested 
$300 million in 23andMe, 
giving the pharma giant access 
to “large-scale genetic resources”, 
Earlier this year, 23andMe sold the 
rights to a drug it had developed 
in-house using customers’ data 
to pharma company Almirall. 

Ancestry may be heading in 
the same direction. The company 
launched a consumer DNA health 
report, similar to that of 23andMe, 
last year. And in 2015, Ancestry 
partnered with Calico - a 
Google-backed firm — to study 
the genetics of human lifespan. 

Even if people stopped sending 
their DNA to these firms, both have 
more than enough data to keep 
them busy —- and in business. 
“They would probably look for new 
ways to leverage the data they 
have,” says Hendricks-Sturrup. ff 
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News 


Astronomy 


Radio burst pattern discovered 


A repeating signal could shed light on mysterious radio bursts from space 


Leah Crane 


FOR years, astronomers have been 
searching for patterns in strange 
blasts of radio waves coming 
from space. These fast radio 
bursts (FRBs) had seemed random, 
but for the first time we have seen 
an FRB that turns off and on again 
at regular intervals. Now we just 
need to figure out why. 

FRBs are extremely powerful, 
flashing with the intensity of 
hundreds of millions of suns 
for just a few milliseconds. Most 
of them flash only once, but 
some “repeaters” burst many 
times from the same location. 

We don’t know what causes 

them, but everything from 
hungry black holes and spinning 
pulsars to alien spaceships have 
been put forward as explanations. 

Now, the Canadian Hydrogen 
Intensity Mapping Experiment 
(CHIME) has added another piece 
to the puzzle. In the past, the 
timing of bursts from repeater 
FRBs has seemed random, but 
CHIME has found one witha 
pattern. Over the course of 
400 days of observations, all 
of the bursts arrived in four-day 
windows of about one burst per 


Biomaterials 


Thread made with 
human cells may be 
used for body repairs 


YARN grown from human skin cells 
could be used to make implantable 
“human textiles” for tissue grafts 
or repairing organs. 

“We can sew pouches, create 
tubes, valves and perforated 
membranes,’ says Nicholas 
L'Heureux, who led the work at 
the French National Institute of 
Health and Medical Research in 
Bordeaux. “With the yarn, any 
textile approach is feasible: knitting, 
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CHIME 


The CHIME telescope in 
Canada has picked up patterns 
in radio wave blasts 


once every 16 days, one of them 
could be emitting bursts all the 
time and we would only see 
them when the beam of radio 
aligned with Earth, producing 
the pattern seen by CHIME. 

Other possible explanations 
include a spinning object or some 
sort of cloud between the FRB 
and us that periodically blocks it. 
But we have never found anything 
in space spinning that slowly 
while emitting such huge 
amounts of energy, and it is 
hard to imagine a cloud that clears 
out at such precise intervals. 

So far, we haven't found any 
other repeaters with a pattern 
anything like this, but that doesn’t 
mean it is unique. We may have 
to observe other FRBs for years 
to be able to even look for 
periodicity effectively. 

“For most repeating FRBs, 
we only have two or three 
pulses,” says Emily Petroff at 
the University of Amsterdam 
in the Netherlands. “Maybe as 


hour, followed by about 12 days 
without bursts and then another 


four-day window of activity 
(arxiv.org/abs/2001.10275). 
Researchers involved in CHIME 
declined to talk to New Scientist. 

“Such a periodicity, if 
confirmed, would be the first 
smoking-gun signature [of any 
particular property ofan FRB 
source], which points towards 
very likely orbital motion,” 
says Bing Zhang at the University 
of Nevada, Las Vegas. 

For example, iftwo distant 
objects were orbiting one another 


braiding, weaving, even crocheting.” Strands of yarn 
Synthetic materials used for made using 

surgical stitches and for scaffolds human skin 

for growing tissue grafts often cells can be tied 

trigger an immune response, into knots 


causing inflammation that can 
complicate healing. Doctors can 
use dissolvable materials to reduce 
this risk, but these aren't great for 
complex tissue reconstruction if 
they fail prematurely. 

The human yarn avoids that 
by remaining undetected by the 
immune system. It builds on 
previous work by L’Heureux’s team 
that used human skin fibroblast 
cells to produce sheets of material 
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that could be rolled into tubes to 
make artificial blood vessels. 

To spin the yarn, the team cut 
such sheets into ribbons and 
twisted them to form threads. 
These were then intertwined to 
create yarns of different mechanical 
strengths that could be dried and 


we find more pulses from each 
repeater we can see if this source 
is representative.” 

This finding makes some of 
the models that astronomers 
have developed to explain FRBs 
less likely, says Leon Oostrum 
at the Netherlands Institute for 
Radio Astronomy. “Models have 
been looking for randomness, 
because that’s what we’ve been 
seeing so far from the other 
repeaters,” he says. “Many of the 
more exotic models don’t predict 
any periodic behaviour, soI think 
this helps us narrow it down.” 

While we have detected 
more than 100 FRBs, we still 
have very few clues as to what 
they are, and every new clue 
seems to make them more 
confusing, says Oostrum. 

This new hint does at least 
make alien communications 
an unlikely explanation. 

“If it were an alien beacon, 

I would think it would emit more 
quickly, because a 16-day period is 
not efficient for communication,” 
says Oostrum. “Imagine getting 
one signal every 16 days—it would 
take forever to get a message.” Il 


spooled until required (Acta 
Biomaterialia, doi.org/dk8t). 

To show its potential, the 
researchers seeded individual 
threads with blood vessel cells and 
braided them together. They also 
used the yarn to stitch a wound 
on a rat that healed after 14 days. 

Acustom-made loom was also 
used to weave a strong textile tube 
for implanting. When grafted into 
a sheep's artery, the tube showed 
no leaks and kept blood flowing 
normally. “With a textile approach, 
once you're done assembling, it’s 
ready to wear,” says L'Heureux. ff 
James Urquhart 
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In brief 


Thousands more 
viruses discovered 


MORE than 2500 new viruses 
have been found by scanning 
mystery DNA recovered from 
human and animal tissues. 

The latest discoveries come on 
the back of a search of human and 
animal cells for genetic material 
from the papillomavirus and 
polyomavirus groups, which 
exists as circular DNA, led by 
Chris Buck at the National Cancer 
Institute in Bethesda, Maryland. 

While this search was a success, 
it also threw up lots of circular 
DNA sequences that didn’t fit 
either of those groups or that of 
other recorded viruses. So Buck’s 
colleague Michael Tisza devised 
a set of computer programs that 
could sort through this surplus 
data to look for new species. 

This analysis of the mystery 
DNA revealed 2514 new viruses. 
While many belong to existing 
families of viruses, 609 don’t 
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resemble any known ones (eLife, 
doi.org/dk77). Some of the new 
examples are highly unusual. One 
belonged to a group called CRESS 
viruses, but was far bigger than 
any known CRESS virus. 

It is possible some of the new 
species may be dangerous. For 
instance, the team found more 
than 100 anelloviruses in human 
blood. As yet, no anellovirus has 
been linked to a human disease, 
but conceivably some of the new 
ones could be harmful. “The first 
step in finding out whether a virus 
is causing a disease is finding out 
the virus exists,” says Buck. 

Tisza has now developed a 
more advanced version of the 
software that can identify other 
kinds of virus that lack circular 
DNA. In unpublished work, he 
has applied it to the genetic data 
sets of other research groups. 

“There’s 20 petabytes of data,” 
says Buck. “Those data sets have 
already yielded 75,000 new virus 
species”, some of which are “very 
exotic”. Michael Marshall 
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Global warming raises risk 
of bumblebee extinctions 


CLIMATE change has significantly 
raised the risk of bumblebees being 
wiped out in some areas of North 
America and Europe. 

Research five years ago showed 
how warming had shrunk the bees’ 
habitat across the two regions. 
However, it is difficult to separate 
the direct effects of climate change 
on the bees’ chance of suffering 
a local extinction from other 
environmental pressures. 

To address this, Tim Newbold at 
University College London and his 
colleagues analysed temperature 
and rainfall records at more than 
15,000 sites where at least one 
of 66 bumblebee species had been 
spotted between 2000 and 2014. 

They found that due to 
changes in climatic conditions, the 
probability of a site being occupied 
by bumblebees fell by an average 


Atmosphere flows 
wrong way on Pluto 


PLUTO’S tenuous atmosphere is 
an oddity that spins backwards 
thanks to a giant patch of ice on 
the frigid world. 

Key to this behaviour is an 
enormous, bright heart-shaped 
feature on the surface (pictured). 
This was spotted when NASAs 
New Horizons spacecraft flew 
past the dwarf planet in 2015. 
One lobe of the heart is a deep 
basin called Sputnik Planitia, 


of 46 per cent in North America and 
17 per cent in Europe, relative to 
the long-term average last century. 
The results were as Newbold 
expected. Bumblebees are large 
and furry as an adaptation to cold, 
so those in southern Europe and the 
south of North America, which were 
already at their upper temperature 
limits, were more likely to go 
extinct and less likely to colonise 
a new area (Science, doi.org/dk78). 
Losing bumblebees means 
losing pollinators essential to food 
production. Although they don’t 
pollinate the crops we rely on for 
most of our calories, they enable a 
lot of our dietary variety, pollinating 
plants that provide nuts, berries 
and squashes. If climate change 
continues, it will drive even stronger 
bumblebee declines in the future, 
says Newbold. Adam Vaughan 


which is filled with nitrogen ice. 

When the sun rises over Sputnik 
Planitia, some of the ice turns into 
gas, floating into the atmosphere. 
At night, it cools and settles back 
into the basin as ice again. Tanguy 
Bertrand at NASA’s Ames Research 
Center in California and his 
colleagues used a weather forecast 
simulation to determine how this 
cycle would affect the circulation 
of Pluto’s atmosphere. 

They found it causes nitrogen 
winds that blow westward. They 
are strongest at the western edge 
of Sputnik Planitia, where they 
appear to create dark streaks 
as they rush out of the basin. 

These winds cause the 
atmosphere to rotate in the 
opposite direction to Pluto, 
which spins towards the east. This 
behaviour is surprisingly different 
from the other atmospheres we 
know of, says Bertrand, as this 
hasn’t been confirmed to happen 
anywhere else in the solar system 
(Journal of Geophysical Research: 
Planets, doi.org/dk8d). Leah Crane 
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Alspots depression 
patterns in brain 


An Alcan predict who is 
most likely to respond to 
antidepressant treatment 
from brain scans. Whena 
team at Stanford University 
in California tested the 
algorithm they created, 
76 per cent of the people 
it predicted would respond 
well to treatment did so 
(Nature Biotechnology, 
DOI: 10.1038/s41587- 
019-0397-3). 


Adecade of record 
warming to come 


Recent climate trends look 
set to continue. A forecast 
based on more than 

40 years of temperature 
records suggests there is 
a 75 per cent chance that 
every year until 2028 will 
be one of the 10 warmest 
on record (Bulletin of the 
American Meteorological 
Society, doi.org/dk84). 


Jupiter's water is 
more plentiful 


Jupiter contains more 
water than previously 
thought, according to 
data from NASA's Juno 
spacecraft, currently 
in orbit around the gas 
giant. The find could 
help us understand 
how the planet formed 
(Nature Astronomy, 
DOI: 10.1038/s41550- 
020-1009-3). 
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Health 


Clues found to 
infant asthma risk 


HOW a young child’s immune 
system works seems to influence 
whether they will develop asthma. 

By the time a child reaches the 
age of 18 months, they have been 
exposed toa lot of microbes. This 
starts to shape the immune 
system for later life. 

To find out if such experiences 
might also predict the risk of 
developing asthma, Susanne Brix 
at the Technical University of 
Denmark and her team followed 
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infants in Denmark for the first 
six years of their lives. 

They looked at how the 
infants’ immune cells work, and 
whether this is linked to the risk 
of having asthma by the time 
they are 6 years old. Brix and her 
colleagues took blood samples 
from 541 children aged18 months. 
Each sample was exposed toa 
range of compounds, such as virus 
fragments, to see how immune 
cells in the blood would respond. 

The responses ofa particular 
type ofimmune cell seem to be 
linked to later risk of asthma, says 
Brix. This cell type, a T helper cell, 


Extinct date palms sprout 
again thanks to ancient seeds 


SEVEN specimens of an extinct 
date palm have been grown from 
2000-year-old seeds found in 
the Judean desert near Jerusalem. 
Sarah Sallon at the Louis L. Borick 
Natural Medicine Research Center in 
Jerusalem and her team previously 
grew a single date palm (Phoenix 
dactylifera) from one of the seeds. 
The team has now managed to 
grow a further six. These are the 
oldest seeds ever germinated. 
Genetic analysis showed that 
several of the seeds came from 
female date palms that were 
pollinated by male palms from 
different areas. This hints that the 
people who lived in the area at the 


time used sophisticated plant 
breeding techniques (Science 
Advances, doi.org/dk8b). 
Historical accounts of the fruits 
from these ancient palms suggest 
they may have been superior in 
some ways to dates harvested 
from modern palm trees (pictured). 
The Roman scribe Pliny the Elder, 
for example, wrote that their 
“outstanding property is the 
unctuous juice which they exude 
and an extremely sweet sort of 
wine-flavour like that of honey”. 
Sallon and her colleagues hope 
to get the new trees to fruit by 
pollinating female palms with 
pollen from males. Alice Klein 


responds to pathogens by 
releasing arange of proteins. 
Two specific proteins appear 
to be linked to whether a child will 
go onto develop asthma (Science 
Translational Medicine, doi.org/ 
dk8c). Those whose T helper 
cells produced more of these 
proteins were significantly 
more likely to have asthma when 
they were 6 years old, says Brix. 
Creating a test to predict 
which babies will develop asthma 
would be hard, but Brix hopes the 
research might help to identify the 
best treatments for different types 
of asthma. Jessica Hamzelou 


Chemistry 


Fingerprint gives 
away cocaine use 


A FINGERPRINT test can tell if 
someone has ingested cocaine 
or just touched the drug. 

Melanie Bailey at the University 
of Surrey, UK, and her team have 
developed a way to detect traces of 
cocaine and signs ofits use on skin. 

As wellas the drug, the test 
can detect benzoylecgonine, a 
molecule excreted through the 
skin after a person has ingested 
cocaine. The chemical is also 
present as an impurity in some 
street samples of cocaine. But a 
person who has ingested cocaine 
will continue to excrete the 
molecule through their sweat, 
so even after washing their hands 
it is detectable in a fingerprint. 

Bailey and her team took 
fingerprints from people who had 
touched very pure and impure 
cocaine, immediately after the 
drug had been handled and again 
after participants washed their 
hands. They also took prints from 
26 people at a rehabilitation clinic 
who had used cocaine recently. 

Prints were taken on specialised 
paper, and then analysed using 
mass spectrometry. 

The technique was 95 per cent 
accurate and detection was 
possible up to 48 hours after 
contact or ingestion (Scientific 
Reports, doi.org/dk79). Donna Lu 
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News Insight 


Satellite navigation 


Global positioning 


A geopolitical battle is being played out in orbit as countries 
vie for the best navigation satellites. David Hambling reports 


SATELLITE navigation systems 
are integral to everyday life, an 
invisible utility that underpins 
not just how we get around, but 
also our power supplies and 
communications. While the 
world once shared the US Global 
Positioning System (GP%S), rival 
satellites are now becoming fully 
operational, and a political battle 
is under way in orbit. 

“Reliable position and timing 
are strategically important 
resources,” says John Pottle, 
director of the Royal Institute 
of Navigation in London. 
“Having control over them 
is important in the same way 
as having secure energy supplies 
or access to medicines.” 

The first GPS satellite was 
launched in 1978, but the full array 
of 24 required for continuous 
global coverage didn’t go live until 
1993. It was originally intended 
as a military system, and still 
broadcasts encrypted signals 
exclusively for military users as 
well as the signals civilians use. 

Now it is getting an upgrade. 
Last month, the US Air Force 
declared that the first ofits 
Block III satellites is operational. 
Ten of these, costing a total of 
$4 billion, will replace satellites 
reaching the end of their service 
life and add new capabilities. 


Pinpoint accuracy 


The new satellites are claimed to 
give three times the accuracy of 
the previous version, providing a 


position to within roughly 1 metre. 


It will also broadcast its encrypted 
signal through a directional 
antenna that can focus on a spot 
a few hundred kilometres across 
to aid military operations and 
resist enemy attempts to jam the 
signal in the immediate area. 

The upgrade isn’t just about 
staying ahead of the competition. 
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Next-generation GPS 
satellites have an 
antenna for military use 


“It’s both a space race anda 
cooperative enterprise,’ says Dana 
Goward at the Resilient Navigation 
and Timing Foundation in the US. 

Block III are the first GPS 
satellites to broadcast a signal 
known as LIC, an international 
frequency already in use by the 
European Galileo and China’s 
BeiDou satellite systems. 
Using this signal creates a 
super-constellation with 
more satellites than any 
of the individual systems. 

This should improve satellite 
navigation for urban users, 
who often have signals blocked 
by tall buildings. While in theory 
you only need the signal from 
four satellites to pinpoint your 
location, more is better. 


It makes sense to cooperate. 

In recent years, China has 
overtaken the US and Europe 

in navigation satellite launches 
(see graph, right), and its BeiDou 
system is scheduled to become 
fully operational this June. 

“It’s a prestige project, like 
going to the moon,” says Goward. 
“As a country, China feels it 
can and should have its own 
capability. But it’s also one of 
these engineering projects where 
you get lots of spin-off benefits in 
terms of education and learning.” 

Like GPS, BeiDou broadcasts 
encrypted military-only signals 
alongside its openly accessible 


£3=5bn 


Estimated cost for the UK 
to build a post-Brexit 
satellite navigation system 


signals. A report in the South 
China Morning Post last year 
claimed that it can be used 

by submerged submarines, 
which isn’t possible with GPS. 
To do this, China could be 
using a longer-wavelength 
signal to penetrate water. 

Itis also a major consumer 
tool. The Chinese government 
encourages manufacturers to 
incorporate BeiDou, rather than 
GPS, into all Chinese-made 
equipment. Some 5 million 
vehicles have BeiDou navigation, 
and 70 per cent of new phones 
in China are fitted with BeiDou. 
Hundreds of thousands of rental 
bikes in Beijing have BeiDou 
“to compel users to park bicycles 
in designated areas”, according to 
Chinese newspaper Global Times. 

There are concerns that BeiDou 
equipment might present a 
security risk to other countries. 
A 2017 report by the US-China 
Economic and Security Review 
Commission, a US government 
body, raises the possibility of 
BeiDou satellites transmitting 
malware, although it goes on to 
say it isn’t clear how this would 
happen. “Critical infrastructure 
inanon-Chinese territory would 
not want to rely on Chinese 
technology, as the debate 
about Huawei shows,” says 
Charles Curry at UK navigation 
consultancy Chronos. 

The desire for a system free from 
potential outside influences also 
explains the European Union’s 
decision to build the Galileo 
constellation, which will become 
fully operational in 2020. It is the 
only navigation system under 
civilian control, but has a military 
encrypted signal accessible only 
to member governments. 

“This signal is harder to jam 
and, because it’s encrypted, 
much more difficult to spoof,” 
says Pottle. “It givesa more 
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assured positioning capability 
for government agencies and 
emergency services.” 

With the UK having now left 
the EU, the country no longer has 
access to this encrypted signal, 
despite having contributed 
£1.2 billion to the development 


“Reliable position is a 
strategically important 
resource, the same as 
energy or medicine” 


of Galileo. Curry says this makes 
sense from an EU national security 
perspective, but the decision 
angered the UK government. 
In May 2018, it announced plans 
to look at the options for a UK 
satellite navigation system. 
A £92 million feasibility study 
has been carried out, while one 
estimate suggests that a system 
would cost £3 to 5 billion. 
“Assessing what a UK system 
could look like, and how it would 


Help from the skies 


Navigation satellites do much 
more than just tell you where 
you are. For example, in order 
for power stations to feed 
electricity into the national 
grid without interference, their 
output must be synchronised to 
a particular frequency - most 
countries use either 50 or 60 Hz. 
Time signals from GPS provide 
a universal clock, allowing 

the stations to sync up. 

Some satellites have other 
uses as well. China’s BeiDou 
system provides an integrated 
text messaging service, which 
is currently used by 70,000 
fishing boats, both for practical 
purposes and so fishers can send 
texts to families and friends. 

The system could be used 


China and the EU have joined other heavyweights in launching competing satellite 
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meet the country’s needs, is the 
purpose of the current phase of 


work. The potential specifications, 
cost and schedule will depend on 
the outcome of this work,” says a 
UK Space Agency spokesperson. 


Curry is in no doubt that the 
project will go ahead in some 
form, citing the vastly more 


worldwide to provide messaging 
in areas outside the range 

of cellphone reception, because 
it has a massive capacity, 
although smartphones would 
need specialised receivers 

to be able to use it. 

The European Union's Galileo 
satellite system also provides an 
emergency search-and-rescue 
service to boats equipped 
with the right hardware, which 
is claimed to save 2000 lives a 
year. In January, a new return-link 
system became operational. 
This sends a confirmation to 
the person making a distress 
call that the alert has been 
received. The calls are routed 
to local authorities for action 
within half an hour. 
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expensive H82 rail project as a sign 
that the UK government is willing 
to spend on infrastructure when 
there are perceived benefits. 

Meanwhile, Russia is beefing up 
its GLONASS system. Like GPS, it 
was Started in the cold war period 
with military backing, but it was 
only completed in 2011. GLONASS 
satellites have a shorter design 
lifetime than the other systems 
(between seven and 10 years 
rather than 15), so despite the 
large number of launches there 
tend to be fewer available for use. 
At least 24 need to be operational 
to provide global coverage, but 
Russia currently has only 22 active. 

Recently, Russia has shown a 
new determination to keep 
GLONASS competitive. In 
January, ISS-Reshetnev Company, 
the chief contractor for GLONASS, 
announced it had received orders 
for 27 more satellites up to 2025, 
and that the rate of launches was 
set to double in the coming year. 

“There are some signs they are 
upgrading the technology in their 
new Satellites, and planning to 
join in on L1C,” says Pottle. This 
would see all four satnav providers 
forming one super-system for 
civilian users —a happy ending 
for everyone. lf 


Working 
hypothesis 


Sorting the week's 
supernovae from 
the absolute zeros 


4 Christina Koch 

The astronaut has 
returned from 328 days 
on the International Space 
Station - the longest time 
spent in space by a woman. 


A Fastest flight 

A flight from New York to 
London lasted just 4 hours 
and 56 minutes thanks 

to tailwinds linked to 
Storm Ciara. It was the 
fastest subsonic flight 
ever between the cities. 


4 Viking games 

A piece of blue and white 
glass found on the island 
of Lindisfarne, UK, is 
thought to be a piece 

from a Viking board game. 


Vv Face recognition 
As millions of people in 
China wear face masks 
to stave off coronavirus, 
people are finding that 
the masks disrupt face 
recognition technology. 


Vv Heat records 
Antarctica’s hottest ever 
temperature, 18.3°C, 
has been logged on the 
Antarctic Peninsula, one 
of the fastest-warming 
regions on Earth. 
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Politics vs the climate 


The crucial COP26 climate talks are already becoming political. 
They will fail unless we put a stop to this now, says Adam Vaughan 


OPS, he did it again. The 
most pressing issue of our 
time has been reduced 


to a tawdry political row. When 
UK prime minister Boris Johnson 
failed to show at a TV debate on 
climate change during the 2019 
general election campaign, the 
fallout wasn’t days of talk on 

the best ways to slash emissions, 
but whether the TV station had 
conspired to undermine his 
Conservative party. 

Last week, a prime ministerial 
speech to launch the UK-hosted 
COP26 UN climate summit in 
Glasgow this November -— the 
most important climate talks 
since COP21 in Paris in 2015 — was 
again overshadowed by political 
Punch and Judy. Johnson’s top 
adviser sacked the president of 
COP26, Claire O’Neill, leading to 
a withering broadside in which 
she accused Johnson of “not 
getting” climate change. 

Johnson has failed to say who 
will succeed her. Former prime 
minister David Cameron has 
rejected the job, as has former 
foreign secretary William Hague. 

But to reduce this to a reshuffle 
politics story is to utterly miss the 
big picture. We are dangerously 
offtrack from the top Paris goal 
of holding warming to 1.5°C. 
Instead, we are in line for 3°C or 
more of warming, which would be 
devastating. The Glasgow meeting 
is meant to elicit tougher carbon- 
cutting plans from the nearly 
200 nations signed up to the Paris 
deal, to close that calamitous gap. 

“This is not about me, it’s not 


about the prime minister,” said 
O’Neill. “What the world needs 
us to dois break out of this 
incrementalism and start moving 
forward.” I couldn’t agree more. 
Unfortunately, we found out 
more about the preparations for 
COP26 in a letter from O’Neill to 
Johnson than from the launch - 
and the picture isn’t pretty. 
Despite 30,000-plus people 
being due to descend on Glasgow 
in November, there has been no 
meeting yet ofa subcommittee 
of the UK cabinet on the summit, 
which Johnson promised to chair. 
Budgets for the summit are 


reportedly ballooning. Altogether, 
the agenda for COP26 is “miles 
off track”, said O’Neill. 

Itis clear the UK is along way 
behind where France was prior to 
the Paris summit, partly because 
of the general election, partly 
because preparations started 
too late. But there are reasons 
to think this supertanker can be 
turned around. About 150 people 
in government are working on 
COP26. The Foreign Office recently 
hosted 140 foreign diplomats 
who, while no doubt gossiping 
about the latest revelations, 
were also briefed on the UK’s 
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Adam Vaughan is chief reporter 
at New Scientist. You can find 
him @adamvaughan_uk and 
sign up for his climate change 
email at newscientist.com/fix 


climate leadership ambitions. 

It is in Johnson’s hands whether 
the fiasco is “a blip in the road or 
a major problem” for COP26, says 
Nick Mabey at the E3G think tank. 
The test will be whether the UK can 
work with the EU and countries 
like China to unveil new carbon- 
cutting plans before Glasgow and 
elicit action from other Key players 
such as India. 

Laurence Tubiana, France’s 
climate ambassador at the Paris 
summit, says she has faith the 
UK will deliver on COP26, but 
time is short and the challenge is 
bigger than hosting the Olympics. 
“Success will require engagement 
from all of government,” she says. 

The first priority must be 
appointing a political heavyweight 
as COP26 president. Some climate 
experts say Michael Gove is one 
of the last people left in the frame 
with the skills necessary, given 
his success at raising the profile 
of green issues while he was UK 
environment secretary. 

The urgency to get the summit 
back on track couldn’t be greater, 
as the planet keeps reminding us. 
The world just had its warmest 
January on record, Australia 
has been ablaze and there are 
warnings we could temporarily 
breach the 1.5°C threshold before 
2025. We need COP26 to succeed, 
for all our sakes. 8 
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Annalee Newitzis a science 
journalist and author. Their 
latest novel is The Future of 
Another Timeline and they 
are the co-host of the 
Hugo-nominated podcast 
Our Opinions Are Correct. 
You can follow them 
@annaleen and their website 
is techsploitation.com 


Annalee’s week 


What I’m reading 

In the Company of 
Crows and Ravens, by 
John Marzluff and Tony 
Angell, a gorgeously 
illustrated book about 
animal consciousness. 


What I’m watching 
Better Luck Tomorrow, 
a prequel to the Fast 
and the Furious movies, 
about how the smartest 
kids in school become 
outlaws. 


What I’m working on 
Trying to understand 
caucuses. 


This column appears 
monthly. Up next week: 
James Wong 
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This changes everything 


Accidental tech dystopia Concerns about adversaries hacking US 
democracy abound, but it is sheer incompetence we should really 
be worried about, writes Annalee Newitz 


LECTION season is ramping 
jr up in the US, and Americans 

have been bombarded with 
warnings that the process might 
be hacked by adversaries from 
overseas or extremists at home. 

Then, during the first night of 
caucuses in Iowa to help decide 
the Democratic presidential 
nominees, it happened. Those 
overseeing the vote found clearly 
incorrect tallies for the Democratic 
candidates in their software 
systems, volunteers at caucus 
sites couldn’t report results and 
Twitter exploded with conspiracy 
theories. Except it wasn’t a secret 
plot or an attack. It was just a 
phone app that had been deployed 
without rigorous testing. 

Caucuses are a rather odd US 
tradition in which the parties hold 
thousands oflocal meetings in 
a handful of states, essentially 
to ask voters who they would like 
to see run for president. In terms 
of political importance, they are 
halfway between opinion polls 
and the primaries, where a group 
of people meet to vote for 
their party’s next presidential 
candidate. 

The first caucuses traditionally 
take place in Iowa. This year, the 
Iowa Democratic Party decided to 
showcase its technical prowess by 
commissioning an app to allow 
election workers at more than 
1700 gatherings across the state 
to report their meeting’s results 
to the party headquarters. 

The app, created by a somewhat 
dubiously named company called 
Shadow, Inc., was supposed to 
make results available within 
hours. But it had problems from 
the start. 

First, election workers couldn't 
download it without disabling 
security features on their phones. 
Then it simply wouldn’t accept 
the tallies that were entered. 

The final results took more than 


three days to arrive, and two 
candidates declared victory. 
The chair of the US Democratic 
National Committee has called 
for a review of the tally. 

It is the kind of chaos that 
undermines voters’ faith in the 
democratic process. And all of it 
could have been avoided if the 
Democrats had just used email 
to send in the tallies. Or text 
messages. Or online spreadsheets. 
Or even their damn phones. 

For decades, caucuses reported 
results by telephone. But when it 
came time to upgrade, the lowa 
Democratic Party didn’t want 
to use the well-tested digital 
systems that are already out there. 


“This whole absurd 


scenario is part 
of what William 
Gibson calls 

the ‘half-assed 
singularity’” 


Why use email when you could 
have a brand new, special solution 
just for caucuses? Now there’s an 
app for democracy! Except there 
wasn't. So Shadow whipped up a 
piece of garbageware at the drop 
ofa hat. 

The problem wasn’t just 
the atrocious app. There were 
knock-on effects. Anticipating a 
perfect solution for a system that 
wasn't actually broken — at least, 
not ona technical level —the lowa 
Democratic Party only hada few 
people on hand to answer phones 
at their headquarters. That meant 
when the app died, there was 
nobody to take calls and the people 
running caucuses were left waiting 
on hold for hours. One was on 
national television when he 
finally got through, only to have 
headquarters hang up on him. 

Many results weren’t reported 
until the next day because caucus 


goers went home to bed. Luckily, 
the Iowa Democrats had created a 
paper audit trail. They could then 
tally up results manually, using 
pen and paper, thus making the 
Iowa caucuses’ tech infrastructure 
even less advanced than a 1930’s 
phone switchboard. 

How did this happen? It is 
tempting to blame the disaster 
on how little we understand new 
technology. But the troubles 
started because caucus planners 
were ignorant about the power of 
the technology we already have, 
like email and shared documents. 
It would have taken zero money 
and possibly a few hours for 
someone to set up a shared 
document where someone from 
every caucus could type in the 
handful of numbers they needed 
to report from the evening’s votes. 

The Washington Post reported 
that Shadow’s parent company, 
Acronym, was founded by 
Tara McGowan, who was digital 
adviser to Barack Obama’s 
re-election campaign. She has 
deep connections to members of 
the party, and they in turn helped 
fund her venture by making 
Shadow’s app the centrepiece 
of the Iowa caucuses. 

This whole absurd scenario 
of human cluelessness is part 
of what the science fiction 
writer William Gibson calls 
the “half-assed singularity”. 

The singularity is when our 
machines become so advanced 
that they change the world beyond 
human comprehension. In the 
tech industry, it is usually hailed as 
a moment of great liberation —or 
doom if we are unlucky. But if we 
half-ass the whole thing as usual, 
the singularity looks a lot like the 
Iowa caucuses did. We bungle 
our way into the future, wrecking 
a few democracies in the process, 
and never fully understand how 
radical email was all along. I 
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Explore dark & frozen 
matter: CERN & Mont Blanc 


Particle physicist Dr Darren Price and science journalist Laura Spinney will lead a fascinating 
and insightful tour focusing on CERN, home to the famous Large Hadron Collider, and Mont 
Blanc to investigate receding glaciers. Fall in love with the charming lakeside city of Geneva, 
famous for its watch-making, high quality chocolate and enchanting old town. 


Evening talks and walking seminars with The stunning botanical gardens 


Dr Darren Price and Laura Spinney Visit the beautiful small town of 
CERN guided tour to learn about the Chamonix and then on to Mer de Glace 
groundbreaking work being carried out to witness an ice cave carved into the 

) Walking tour of Geneva’s oldtown centre _ glacier itself 
and beautiful cruise on Lake Geneva Trip to Geneva’s Museum of the History 
Cable-car trip to the top of the Auguilledu _ of Science, which features astronomy, 
Midi overlooking Mont Blanc microscopy and meteorology exhibits 


No single supplements for the first two solo travellers on each departure. 
There are only 22 places available per tour, which are expected to fill up very quickly. 
Please enquire early to secure your place. 


To book call +44 207 593 2284 
(UK office: Mon-Fri gam to 6pm, Sat gam to 4pm GMT) 


Or email culturaltours@kirkerh 
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Departing: 


6 days for £2,699 (approx $3,429) 


In partnership with Kirker Holidays 
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Views Your letters 


Editor’s pick 


What we call climate 
change can help fight it 

11 January, p 22 

From Brendan Jones, Varkaus, Finland 
Graham Lawton says 2020 isa 
pivotal year for the environment 
and links this to leaders in denial. 

| suggest that denial isn’t the main 
problem in the public perception of 
climate change - the main problem 
is misconception. 

We see news reports of forest 
fires, melting ice and weird weather. 
Some of us talk about it, some of 
us protest about it, but most of us 
leave the bicycle in the shed when 
there is the slightest sign of rain. 

In my short lifetime, there have 
been two major crises that have, at 
least in my corner of the world, been 
more or less averted. The first, in 
the 1970s, was river pollution. As 
a schoolboy in the UK, | remember 
going down to the river Tyne and 
taking samples of water that we 
could smell back in the classroom. 
Now, pollution from flushing toilets 
and industrial processes is cleaned 
before it enters the environment. 

Then, in the 1990s, | playeda 
minuscule part in the design and 
production of scrubbers to remove 
sulphur from the discharge of 
industrial processes, such as 
steel-making. Reducing this sulphur 
stopped the acid rain that ravaged 
the forests of Scandinavia. 

Why don’t we reclassify the 
problem of climate change? 

Don’t name it after carbon, a mere 
element in the periodic table, 
but call it pollution. 

People have seen success stories 
about removing pollution. The 
message is then clear: don't pollute 
the air that we breathe. 


Rethinking mental health 
and functional disorders 


25 January, p 34 

From Andrew Larner, Liverpool, UK 
Many psychiatric conditions share 
an underlying cause known as the 

“p factor”, reports Dan Jones, while 
neurological conditions have little 
to nothing genetically in common 
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..BUT | 


THOUGHT YOUR WORK HERE 
WAS PURELY THEORETICAL? 


IT (S. THAT'S OUR NEW 
COFFEE MACHINE. 


with each other. Nevertheless, 
the characterisation of the p factor 
may have implications for 
rethinking neurology, as well 

as mental health. 

Much neurological practice 
nowadays concerns functional 
disorders, which often show 
an overlap in symptoms with 
fibromyalgia and chronic fatigue 
syndrome. Depression, anxiety 
and obsessive cognitive styles 
can also predispose people to 
functional disorders. It would 
therefore be interesting to see 
whether the same p factor 
underlies these conditions, 
or whether there is a separate, 
genetically determined network 
that contributes to them-—an 
“f factor”? If so, treatments aimed 
at functional symptoms rather 
than the conditions themselves 
might be pursued, as advocated 
for mental health. 


Countries must follow the 
EU in policing huge firms 
7 December 2019, p 10 

From Robert Willis, Nanaimo, 
British Columbia, Canada 
Iappreciated Adam Vaughan’s 
article on the UK Information 


Commissioner’s Office preparing 
guidance on how to clearly explain 
how artificial intelligence is used 
in decision-making. As Vaughan 
says, an organisation that 
breaches the eventual regulation 
could, in extreme cases, have to 
pay a fine of up to 4 per cent ofits 
global turnover, under the EU’s 
data protection law. 

Governments around the world 
should revise their local penalty 
regimes to mirror the use of global 
revenues by the EU. Penalties on 
these multi national operations, 
such as the $5 billion levied against 
Facebook in the US in July 2019 for 
violating users’ privacy, are still 
trivial compared with their global 
revenues. In the third quarter 
of that year alone, Facebook’s 
revenue was some $18 billion. 

As part of the international 
discussion around resolving 
international tax avoidance and 
fairness issues, the notion that any 
global tax treaty or regimen needs 
to include penalties on global 
revenues is important. Countries 
should consider revising their 
existing penalty regimes to take 
into account global, rather than 
just local, revenues. Fine the 
organisation, not the branch. 


Cities should make plans 
for the climate crisis 


Letters, 23 November 2019 

From John Lucas, Toronto, Canada 
While discussing climate stress, 
Fred White observes that though 
politicians know about icebergs, 
they are instead discussing the 
economics of the Titanic and 
debating the social inequality 

of passengers forced to travel 

in steerage. 

Toronto has declared a climate 
emergency, but has no clearly 
defined, scientifically supported 
plan with measurable deliverables, 
times, costs and priorities. I can 
sympathise with politicians faced 
with such a complex of issues and 
many interrelated solutions. 

They needa process to identify 
the climate-damaging activities 
over which they have a reasonable 
level of control, and for each, 
which initiatives could reduce 
damage and to what extent. 

This plan can be put together 
quickly and cheaply by doing what 
Greta Thunberg says: ask the 
scientists. The easiest way to avoid 
the planning process becoming 
another endless study is to set a 
firm date to publish. 


Many taxpayers see global 
warming as today’s main issue and 
say they would pay more taxes if 
they could see where the money 
goes. It will be much easier to raise 
funding when it is directly linked 
to specific environmental goals, 
particularly where some of the 
solutions will save money or 
generate jobs. 


Handwashing: technique 
more important than time 
11 January, p 38 

From John Hastings, 

Whittlesey, Cambridgeshire, UK 

In your top tips for bathroom 
basics, you give the advice that 

we should wash our hands for 

20 seconds. This was also 
previously given by Timothy 
Leighton for combating antibiotic 
resistance (26 March 2016, p 32). 

As a retired nurse, I must point 
out that technique is more 
important than time. Harmful 
bacteria thrive in areas that are 
dark, moist and warm, such as 
those between the bases of 
your fingers. 

You should wet and soap all 
surfaces of your hands, back and 
front. You should clean between 
your fingers, right down to the 
webs, by interlinking your fingers, 
back and front. Clean each thumb 
by enclosing it with the opposite 
hand. Clean the tips of your 
fingers — clasp the fingers of each 
hand and rub the finger pads on 
the palm of the opposite hand. 

If done thoroughly, this will take 
about 20 seconds. Then rinse and 
dry your hands well. 


Where do food’s minor 
elements come from? 

18 January, p 10 

From Greg Nuttgens, 

Porthcawl, Bridgend, UK 

Michael Le Page casts doubt on the 
feasibility of making food from 


the atmosphere and questions 
whether it would be more efficient 
than conventional farming in soil. 

It is perfectly possible to extract 
hydrogen from water, and carbon 
and nitrogen from the air, but 
surely something is missing here? 
Our food, whether plant or animal 
in origin, is made up of complex 
molecules containing calcium, 
potassium, magnesium and 
phosphorus, and a host of minor 
elements, without which bacteria 
couldn’t survive or make food. In 
the food-from-air scenario, where 
would these elements come from? 
The most readily available source 
would be soil. 


Atop tip and a vegetable 
warning about vegan diet 


4January, p 32 

From Will Kemp, Wagait Beach, 
Northern Territory, Australia 

You suggest fortified plant milk as 
a source of vegan calcium. Earlier 
in life, Iwas vegan for 14 years and 
as far as I remember, there was 

no calcium-fortified soya milk 

in those days. I relied on tahini-— 
sesame seed paste —as my main 
calcium source. 

I worked as a builder’s labourer 
for alot of that time without any 
obvious symptoms of calcium 
deficiency. It seems that sesame 
seeds have more than five times 
as much calcium per 100 grams as 
the fortified soya milk Ihadin my 
tea this morning. 


From Howard Tarry, 

Malvern, Worcestershie, UK 
Keeping livestock for food is a bad 
thing. So, I think, is long-distance 
transportation of the alternatives. 
Irecall the nutritionist Magnus 
Pyke being asked in the 1970s 
whether the UK could be self- 
sufficient in food. His answer 

was yes — provided we learned to 
live mainly on vegetables such 

as swedes and beans. ! 


Want to get in touch? 

Send letters to New Scientist, 25 Bedford Street, London 
WC2E 9ES or letters@newscientist.com; see terms at 
newscientist.com/letters 


Views From the archives 


60 years ago, New Scientist 
celebrated the dawning ofa 
new era for particle physics 


“The most powerful atomic 


P= = ‘ 
ee | accelerator in the world was 
formally inaugurated at Meyrin, 


on the outskirts of Geneva, last 
Friday.” Those words, in our 
edition of 11 February 1960, 
ushered in the work of CERN’s 
proton synchrotron - anda 
mind-bending era of particle 
physics, fuelled by the ability of 
vast machines to create, at a tiny scale, the extreme 
conditions that existed moments after the big bang. 

“Present-day atom-smashing machinery is very 
expensive,’ our editorial ran, “and it is difficult fora 
small nation to find within its own frontiers sufficient 
experiments to justify its construction. Now CERN has 
a membership of thirteen states.” 

At the time, we dubbed CERN, the European 
Organization for Nuclear Research, “one of the greatest 
international ventures in pure science”. The 60 years 
since have proved that point. CERN now has the support 
of 23 member states, and the proton synchrotron is 
still going, revered as a reliable workhorse. As well 
as protons, it has accelerated electrons, positrons and 
antiprotons, as well as helium, oxygen and sulphur 
nuclei, for ever bigger and stranger experiments. 

The magnetic ring that guides the synchrotron’s 
particles has a diameter of 200 metres. Its field 
strength increases synchronously as the particles within 
it pick up speed, so that they are always held in a circle 
of the same diameter. The machine is sensitive: the 
pull of the moon on the waters of Lake Geneva affects 
its readings. The synchrotron was CERN's largest 
accelerator until new ones were built in the 1970s. 

In 1983, the proton synchrotron was involved in 
the detection of W and Z particles: entities predicted 
by a model that unified the fundamental weak and 
electromagnetic forces. This was a huge step towards 
a unified theory of the physical universe. In order for 
this unification to make mathematical sense, a new 
particle called the Higgs had to exist. 

Over 25 years were then spent trying to build 
particle accelerators with the energy necessary to 
produce a Higgs particle. CERN’s Large Hadron Collider, 
a 27-kilometre-long ring buried up to 175 metres under 
the Swiss-French border, began work on 10 September 
2008. By July 2012, it was generating observable 
Higgs-like particles. Not a bad confirmation of “the 
value of collective effort and of the solidarity of 
mankind”, as we put it at the time. Simon Ings 


To find more from the archives, visit 
newscientist.com/old-scientist 
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Fabulous fungi 
im 


Exhibition Mushrooms: The art, 
design and future of fungi 
Venue Somerset House, London 


THESE curious creations are 
in celebration of mushrooms 
and other fungi. They are part 
of an exhibition highlighting a 
growing appreciation of fungi’s 
role in everything from boosting 
our health and well-being to 
reimagining design and providing 
sustainable materials. 
Immediately left is Fungi by 
textile artist Amanda Cobbett. 
It may look real, but Cobbett 
made it from embroidered papier 
maché. She was inspired by what 
she saw in the forest every day 
when she was out walking her dog. 
At the top left, Cochlea Brick 
Tuft by Hamish Pearch showcases 
fungi sprouting from a structure 


inspired by the inner part ofthe 
human ear. 

Below it (smallest image) is 
Mindful Mushroom by collage 
artist Seana Gavin. It is her nod 


to the mind-bending properties 
of psilocybin-containing magic 
mushrooms. Psilocybin is 
being investigated as a possible 
treatment for certain mental 
health conditions. 

Beside it is the amazing 
high-heeled shoe Mycoschoen 
by Belgian shoe designer Kristel 
Peters. She fashioned it from 
mycelium, the vegetative part 
of a fungus, which is being 
touted as a new, sustainable 
building material. 

The exhibition is at Somerset 
House until 26 April. 


Gege Li 


CLOCKWISE FROM TOP LEFT: HAMISH PEARCH, ‘COCHLEA 
BRICK TUFT’, COURTESY OF THE ARTIST; AMANDA COBBETT, 
‘FUNGI’ © ANDREW MONTGOMERY; SEANA GAVIN, ‘MINDFUL 
MUSHROOM’, COURTESY OF THE ARTIST; KRISTEL PETERS, 
‘MYCOSCHOEN’, COURTESY OF THE ARTIST 
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Views Culture 


Real-life love potions 


Drugs that revolutionise many aspects of our romantic relationships could 
bring a whole new meaning to Valentine’s Day, finds Lilian Anekwe 


G 


Book 


Love is the Drug: The 
chemical future of 

our relationships 

Brian D. Earp and Julian Savulescu 
Manchester University Press 


IF A pill could make you fall 
deeper in love and transform your 
romantic relationships, would you 
take it? Or ifa doctor was able to 
prescribe an anti-love drug to help 
a break-up go smoothly and avoid 
a potential lifetime of heartache, 
would you urge your partner to 
make an appointment? 

For Brian D. Earp and Julian 
Savulescu, who pose these 
questions in Love is the Drug, 
these aren’t merely theoretical 
or philosophical matters. There 
already are drugs, both legal and 
illegal, that can alter our minds 
and the way we think about love, 
sex and relationships. 

“All of these love drugs exist 
right now. Others have yet to be 
created,” they write. As such, itis 
no longer a question of can we 
use the chemicals to control 
our feelings, but should we. 

This gives Earp, a cognitive 
scientist, and Savulescu, a doctor 
turned philosopher, the scope 
to ask deliberately provocative 
questions to stoke the debate. It is 
time to imagine a world in which 
we can chemically alter feelings, 
they say. In an interview with New 
Scientist, Savulescu says he has 
pushed for such a debate since 
he became interested when a 
relationship ended after 15 years; 
Earp says his motivation is to get 
beyond the sentimental “sense 

2 that love is this disembodied 

2 thing that happens ina soul”. 

“It’s going to be the case that 

£ we're able to do something about 
= love, and that changes the choice 
& set before us,’ says Earp. “We can 


GETTY 
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We need to know what 
medicines do to our 
romantic neurochemistry 


no longer just shrug our shoulders 
and say — love is just something 
that happens to you. Given that 
there’s going to be and, insome 
ways, already are active steps that 
we can take to shape the course of 
our romantic lives, once a choice is 
available to you, failing to engage 
is nota choice.” 

In the book, the authors detail 


how conventional medicines, 
such as antidepressants, can 

have libido-altering side effects 
that may affect relationships. 

“We have good theoretical 
reasons, and now increasing 
empirical reasons, to think that 
these drugs are having effects on 
our romantic neurochemistry,” 
says Earp. “They’re having those 
effects whether we measure them 
or not. What would be foolish 
would be to fail to understand the 
effects of the drugs we're already 


using — [drugs that are approved 
and seen as medicinal].” 

The book doesn’t ignore the 
possible hype around the subject. 
For example, it sounds a note of 
caution over the many research 
claims made for the so-called “love 
hormone” oxytocin—a molecule 
made by the hypothalamus that 
acts on the brain, and plays a role 
in bonding, sex and pregnancy. 
There should still be a healthy 
scepticism about the effects of 
oxytocin nasal sprays, say Earp 
and Savulescu: the results of 


“There already are 
drugs, legal and illegal, 
that can alter how we 
think about love, sex 
and relationships” 


studies ofits ability to enhance 
relationships should be taken 
with “a grain of salt”, they write. 

But the scepticism might be 
addressed if there were more 
rigorous studies of the way drugs 
affect our relationships, the 
authors argue. “This is a blind 
spot in Western medicine: 
the tendency to ignore the 
interpersonal effects of drug- 
based interventions,” they write. 
“It should be a scandal that we 
don’t know more about the effects 
of these drugs (good or bad) on 
our romantic partnerships.” 

This needn’t be restricted 
to chemicals that alter our 
relationships “for the better”, 
say the authors. They explore the 
potential of “anti-love drugs” to 
suppress emotions like jealousy, 
and drugs that could help break 
the attachment ofan abused 
person to their abuser. 

Drugs could also suppress 
sexual desires. Love is the Drug 
attempts to address even more 
controversial questions, such as 
whether we should permit the 


use of such medicines to curb 
what society may see as taboo or 
deviant sexual desires, or even 
addictions to online pornography. 
We learn, too, about the 
growing use of illegal drugs 
such as MDMA and psilocybin 
asa means to help people with 
relationship problems. Psilocybin, 
the psychoactive substance in 
magic mushrooms, is being 
explored under strict controls 
and supervision by psychiatrists, 
alongside other treatments, for 
people with post-traumatic stress 
disorder, which can be a cause of 
relationship breakdown. 
There is also a suggestion 
from research in mice that 
MDMA, also known as ecstasy, 
might help to relieve social 
anxiety for people with autism. 
“We're not talking about a 
chemical utopia where everybody 
tries whatever drugs they want,” 
says Savulescu. But neither should 
individuals have to get a diagnosis 
in order to qualify for love drugs 
for medicinal purposes, he argues. 
“We don’t need to call them 
medicinal or recreational drugs,” 
says Savulescu. “We can introduce 
a third category. We need to 
identify the people for whom 
they would be genuine welfare 
enhancers, not crutches, not 
replacements for dealing with the 
deep questions in their lives, but 
people for whom they would 
genuinely improve their lives.” 
But this would mean breaking 
free of society’s distinction 
between legal and illegal drugs. 
“Everything is just chemicals, 
and whether we decided to call it 
medicine or not is largely a social 
and value decision,” says Earp. 
The authors say they don’t 
know if society is ready for this 
new approach, to start anew 
relationship with drugs as 
chemical love enhancers. But 
they are happy to matchmake. ! 
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Into the deep 


A scary sci-fi podcast about a mission to the 
ocean depths has Anne Marie Conlon hooked 


sig 


Podcast 


Down 
Definitely Human 


WHAT mysteries await in the 
unexplored depths of the 
ocean? Down, a 24-part 
sci-fi podcast, poses this 
question as it follows a small 
crew on a submarine mission 
to explore a newly discovered 
ocean trench in the Antarctic. 

“The bottomless pit”, as it is 
rather unimaginatively named, 
is a“gaping hole on the surface 
of the Earth” revealed by climate 
change. Initial explorations by 
probes have gone further than 
the deepest depths plumbed 
to date - Challenger Deep 
in the Mariana Trench, about 
11,000 metres. Now a crewed 
mission will go deeper still. 

Our protagonist is Marion 
Straker, a famous marine 
biologist who is trying to throw 
herself back into work after a 
family tragedy. The rest of the 
crew consists of a curmudgeonly 
sea captain, a chilled-out ship's 
engineer, a chirpy lab assistant 
and the anxious ship's doctor. 

Their hugely expensive Virgil 
submarine is paid for by the 
massive energy corporate 


Advantage, in a move arousing 
some suspicion among the crew, 
although they also wonder 

at the cutting-edge design of 
the sub with its own artificial 
intelligence. The corporate rep 
who directs the crew from dry 
land is a perfectly pitched 
super-keen mouthpiece for the 
energy company, from “geeking 
out” about having Straker on 
board to encouraging the crew 
to “keep it bouncy, yeah?” 

The sound design is 
immersive enough to draw 
you in to the world of the show, 
and while the dialogue can be 
cheesy, knowing references to 
“red shirts” (crew members 
thought most likely to die in Star 
Trek were the ones wearing red) 
let us know that the show's 
creators aren't taking 
themselves too seriously. 

The podcast zips along, 
with 10 to 15-minute episodes, 
and drops enough hints to keep 
you hooked. The characters’ 
occasionally meandering 
conversations about what to 
have for breakfast also contain 
clues to keep us guessing. 

Is the captain right that the 
real purpose of the expedition 
is for Advantage to figure out 
the effects of such a mission 
on the crew? What happened 
to Straker’s brother? Will the 
“adaptive Al” become more of 
a sinister force? So far the only 
adapting it has done is to move 
from calling the captain 
“Charlie” to “Captain Charlie”. 

Four episodes in, as we are 
finally confronted with what 
could be our first mysterious 
creature from the deep, comes 
the biggest question of all: 
what's really down there? ff 


What will a crew find in the 
Antarctic depths as they plumb 
anewly discovered trench? 


Don’t miss 


Watch 


Little Joe stars Emily 
Beecham and Ben 
Whishaw as emotionally 
stoppered horticultural 
researchers threatened 
by plants more wedded 
to life than they are. In 
selected UK cinemas 
from 21 February. 


r” 


THE Secret 
History of 
} THE Future 


LATE 


Listen 


The Secret History of 
the Future, hosted by 
The Economist's Tom 
Standage and Slate's 
Seth Stevenson, explores 
the prehistory of some 
very modern-sounding 
innovations, including the 
world’s first cyberattack — 
in1834. 


Read 


The Magicians: Great 
minds and the central 
miracle of science 
(Faber & Faber) is 
Marcus Chown's hymn 
to mathematics and its 
supernatural (or at any 
rate baffling) ability to 
predict truths about the 
physical world. 
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The film column 


Radiant days Color Out of Space takes us on a Gothic sci-fi trip in rural New 


England as strange colours start spilling from a farmer’s well. It all harks back 
to an earlier era when newly discovered rays dazzled science, says Simon Ings 


Simon Ings is a novelist and 
science writer and a culture 
editor at New Scientist. Follow 
him on Instagram at 
@simon_ings 


& 


Film 

Color Out of Space 
Written and directed 
by Richard Stanley 


Simon also 
recommends... 


Film 

Annihilation (2018) 
Written and directed 

by Alex Garland 

Body-plan genes are 
strangely refracted and 
species barriers crumble 

in this intelligent, ravishing 
take on Jeff VanderMeer's 
cult novel. On Netflix. 


TV 


The Martian Chronicles 
(1980) miniseries 

Written and directed 

by Michael Anderson 

A weird, wise Mars gets 
under the skin of Rock 
Hudson and other hapless 
settlers in this intermittently 
brilliant adaptation of Ray 
Bradbury’s stories. On DVD. 
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COURTESY OF TIFF 


NICOLAS CAGE’S career-warping 
efforts to clear his tax debts after 
problems with the IRS continue 
with yet another relatively low- 
budget movie, Color Out of Space, 
a film no one expects much of. It is 
in US cinemas now; by the time it 
hits UK screens on 28 February, it 
will already be available on Blu-ray. 

But have you ever watched a bad 
film and found yourself dreaming 
about it long afterwards? Color 
Out of Space is one of those. 

Its origins date to March 1927, 
when author H.P. Lovecraft wrote 
what would become his favourite 
short story. In “The Colour Out 
of Space”, a meteor crashes into a 
farmer’s field in the Massachusetts 
hills. His crops grow huge, but 
prove inedible. His livestock go 
mad. So, in the end, does the 
farmer, haunted by acolour given 
off by a visiting presence in the 
land: a glow that belongs on no 
ordinary spectrum. 

This is Lovecraft’s riffona 
theme beloved of science fiction 
at the turn of the 2oth century: 
the existence of new rays, and 
with them, new ways of seeing. 


The 1890s and 1900s were, after 
all, radiant years. Victor Schumann 
discovered ultraviolet radiation in 


1893. Wilhelm Rontgen discovered 
X-rays in 1895. Henri Becquerel 
discovered radioactivity in 1896. 
J.J. Thomson discovered that 
cathode rays were streams of 


“Color Out of Space 


mashes up horror, 
psychological drama, 
and alien invasion” 


electrons in 1897. Prosper-René 
Blondlot discovered N-rays in 
1903 — only they turned out not to 
exist, an artefact of observational 
error and wishful thinking. 

The last of those is pretty much 
what the local media assume has 
happened when Cage’s character, 
Nathan Gardner, the not-very- 
effective head ofa household that 
is relocating to the country after 
unspecified health problems 
and financial setbacks, describes 
the malevolent light he catches 
spilling at odd moments from 
his well. The man is a drunk. 


Few rival Nicolas Cage's 
ability to capture the 
self-hatred of weak men 


A fantasist. An eccentric. 

The film is yet another 
attempt to fuse gothic horror 
with acontemporary setting. 
Director Richard Stanley (who 
brought us 1990’s Hardware, 
another valuable bad movie) 
has written a script that, far from 
smoothing out the discrepancies 
between modern and pre-modern 
proprieties, manners and ways 
of speaking, leaves them jangling 
in a way that makes you wonder 
what on Earth is going on. 

And what is going on, most of 
the time, is Cage. Has anyone ever 
conveyed so raucously, and yet so 
well, the misery, the frustration, 
the rage, the self-hatred of weak 
men? Every time he gets into 
a fist fight with a car interior 
I think: Ah, Nicolas, c’est moi. 

Even better for the film, Cage’s 
on-screen wife here is played by 
Joely Richardson, an actor who 
packs a lifetime’s disappointment 
into a request to pass the sugar. 

Alien life isn’t like Earth life 
and to confront it is to invite 
madness. That’s the general idea. 
But with tremendous support 
from on-screen children played 
by Madeleine Arthur and Brendan 
Meyer, Cage and Richardson turn 
what might have been a series of 
uninteresting personal descents 
into a family tragedy of Jacobean 
proportions. If ever hell were 
other people, then at its deepest 
point you would find the 
Gardner family, sniping at each 
other across the dinner table. 

Color Out of Space mashes up 
psychological drama, horror and 
alien invasion. It isn’t a film you 
admire — it’s one you get into 
internal arguments over, trying to 
sort all the bits out. In short, it does 
what it sets out to do. It sticks. 8 
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Unearth the connection between music and the 
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Features Cover story 


Finding 
our place in 
he universe 


Physicists are limbering up for their greatest trick 
yet — explaining how decision-making beings like 
you and me fit into the cosmic order, 


You know, for a bit of companionship, 
something to motivate on grey days 
when spirit and flesh are weak. 

Teven went toa stray dogs’ home, because 
that seemed the right thing to do. There was a 
lovely one there, with beautiful, mischievous 
eyes. She reminded me ofa mutt we had when 
Iwas a kid, called Whiskey. I bottled it in the 
end, though. Did I really have the time to give 
her the love and attention she deserved? 

Whims, memories, hopes, judgements, 
morals, qualms — all coming together to 
influence decisions. It is hard enough for 
us to understand how we reach them. For 
fundamental physicists, it is a complete 
mystery. That is because our decision-making 
ability is a not-so-secret superpower to alter 
the physical world, changing its evolution 
apparently at will—something no physical 
law yet devised can explain. 

“We act, we decide, we initiate actions,” 
says Carlo Rovelli at Aix-Marseille University 
in France. “How can we insert this agency into 
the general picture of nature?” 

Rovelliand others have undertaken to find 
out. Their journey has led them into the depths 
o of the human mind and its relationship with 
5 physical reality, throwing up surprising 


[ been thinking about getting a puppy. 


NJO GASULL 
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says Richard Webb 


and profound connections: to the mysteries 
of entropy and flowing time, to reality and 
consciousness, and to the nature of physical 
law itself. Get to grips with what underlies 
our everyday acts, and we could be on the 
way to a deeper, all-inclusive understanding 
of both the cosmos and our place in it. 

At its simplest, agency is relatively easy 
to define. “It is just the notion that certain 
systems in the world have intentional states, 
desires to bring stuff about,’ says philosopher 
Eleanor Knox at King’s College London. 
“We're clearly systems like that.” 

The arguments start with what else is too. 
“Quantum fields don’t have any agency. Atoms 


“Physics aims 
to characterise 
everything through 
cast-iron laws with 
predictive power” 


don't, do bacteria?” asks physicist Sean Carroll 
at the California Institute of Technology. “I don’t 
know, but human beings do. Somewhere along 
that continuum it sneaked in.” 

Philosophers and theologians have been 
poring over that and agency’s relationships to 
other thorny concepts, such as consciousness 
and free will, for millennia (see “Life, agency 
and everything”, page 36). But it is since 
humans started to do physics that agency has 
taken on particularly puzzling proportions. 

The aim of physics is to characterise the 
interaction and evolution of reality’s elements 
through cast-iron mathematical laws with 
predictive power. That mission is far from 
complete, but it has been stunningly successful 
so far. From Isaac Newton’s laws of motion 
and gravitation to Albert Einstein’s relativity 
and the enigmatic edifice of quantum theory, 
we now have laws explaining everything 
from how apples fall to how biological and 
chemical processes unfold to the origin and 
fate of the universe. 

Take an apple’s sudden detachment from 
a tree. It is caused by a complex series of 
biochemical processes, plus the whims of 
wind and weather, all explicable by the laws 
of physics. Given enough computational 
power, in theory we could trace the chain > 


of causation back through Earth and cosmic 
history to the moment the carbon atoms 
within the apple were first manufactured 

in a supernova -— and beyond that almost to 
the big bang and time’s beginning. 

The thing is, that apple was always going 
to fall; it can’t choose to jump or decide not to 
fall. Agency is different. From our perspective 
at least, our decision-making is discretionary; 
there is none of the inevitability that marks 
out physical laws. And the chains of causation 
behind our actions are very complex, running 
through psychological influences brewed by 
nature, culture and nurture. 

Our current physical laws don’t try to 
explain this. “We think of ourselves as 
coming from outside the causal order and 
somehow intervening in it, making things 
happen,” says philosopher Jenann Ismael 
at Columbia University in New York. That 
strange detached position is maintained — 
albeit with an additional twist — even in the 
weird world of quantum theory, our most 
advanced underlying theory of material 
reality (see “No ‘T’ in collapse”, page 38). 

The god-like status we accord ourselves 
is highly suspicious to many physicists. 
“IfI’m saying that something doesn’t 
boil down to the laws of physics, then I’m 
basically positing something supernatural, 
that’s outside natural laws,” says Matt Leifer 
at Chapman University in California. 


LIFE, AGENCY 
AND EVERYTHING 


“Our decision- 
making has none 
of the inevitability 
that marks out 
physical laws” 


That has been a popular way out for 
natural philosophers over the years, in 
various forms of mind-body dualism: the 
idea that the mental and physical realms 
are separate, and the rules of one don’t apply 
to the other. But that hardly seems a tenable 
position within modern science. “Being a 
full-on dualist is quite hard because it does 
look like, for instance, when I put lots of 
serotonin in your brain, your mental states 
change,” says Knox. “The question is how 
you think that could work if you think there’s 
two kinds of separate stuff.” 

“If there’s evidence we should carve out a 
different realm for organic things or people 
or whatever, then by all means,” says Carroll. 
“But I’m made of atoms, my laws of physics 
purport to explain atoms, and it would seem 


by far the most likely hypothesis that the laws 
of physics explain me.” 

The central conundrum becomes what sort 
of physical laws can unify two very different, 
conflicting views. “We see agents that make 
choices and exert a causal influence on what 
happens in the world, and then science comes 
along and says, ‘You're actually a bunch of 
particles or atoms and you're just obeying 
differential equations’” says Carroll. “What 
we want to figure out is how those things can 
both be true at the same time.” 

For Carroll and many others, the answer 
lies not in mysticism, but in emergence. 

This is the idea that behaviours and 
properties that are inscrutable when you 
look at single components of a complex 
system pop into existence when you view 
things as a whole. There are plenty of 
precedents. The temperature or density of 
a gas, for example, doesn’t mean much at 
the level of single molecules. Look at all the 
molecules of the gas together, however, and 
they are measurable quantities that explain 
physical change: how temperature differences 
cause heat flows, for example, or howa gas 
pushes a piston when compressed. 

The catch is that human brains are 
phenomenally complex. A fully grown one 
contains nearly 100 billion interconnected 
neurons, and we are still far from establishing 
how they produce the felt states of our 


FREE WILL. Often seen as 


Agency is bound up with 
several other fundamental 
concepts that philosophers, 
physicists and others 
struggle to get to grips with. 
That starts with... 


LIFE. In the early 1990s, 

an advisory panel to 

NASA defined life as “a 
self-sustaining chemical 
system capable of Darwinian 
evolution”. Others dissent. 
Typical defining characteristics 
include being born and 
dying, metabolising, growing 
and reproducing. Some 

life forms are known to 
exhibit more complex 
characteristics, including... 
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INTELLIGENCE. Broadly, the 
ability to learn stuff and solve 
problems. Artificial machine- 
learning systems can do those 
things too, so life probably isn’t 
a prerequisite. But Al is still 

far away from the “general 
intelligence” of humans and 
some animals that allows 
knowledge gained in one area 
to be applied elsewhere. This 
is possibly bound up with... 


CONSCIOUSNESS. 

A perennial head-scratcher, 
consciousness starts with 

the observation that some 
things are aware they exist. 
Some conscious beings argue 
that explaining this state in 


purely physical terms will 
always fall foul of the “hard 
problem”: that certain aspects 
of it, such as individual 
experiences of colour or pain 
or love, can only ever be felt 
inwardly. The difficulty of 
defining consciousness 
satisfactorily leads some 
physicists to prefer... 


AGENCY. This is at least 
expressed outwardly, in 
actions that change the 
external world. Human- 
type agency is arrived 

at intentionally, through 
internal decision-making 
processes, which throws 
up thorny questions of... 


the opposite of determinism 
(everything is pre-determined), 
free will in its strongest sense, 
the complete freedom to act 
independently of any causal 
influences at all, almost 
undoubtedly doesn’t exist. 
The sort of free will we 
experience — agency that can 
be free of immediate physical 
causation — isn’t necessarily 
incompatible with either the 
deterministic laws of classical 
physics or the indeterminate 
probabilistic laws of quantum 
mechanics. The question is 
how agency fits in with those 
laws — and whether it should 
(See main story). 


New 


Jim Al-Khalili will shine a light on the most profound insights revealed 
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conscious world, let alone how those states 
interface with the wider world. “It’s one 
thing to say I can explain the temperature 
and density of the air by hypothesising 
that it is made of molecules bumping into 
one another,” says Carroll. “It seems quite 
amore dramatic project to say I can explain 
mind and choices and consciousness as 
emerging out of atoms and molecules 
bumping into one another.” 

But just as we don’t need to know 
how every molecule in a gas is moving to 
know its temperature, so agency might be 
understood by skating over its interior details 
and finding global quantities that correspond 
to measurable outcomes. “I want to somehow 
find the minimal intellectual tools for 
understanding how something can work 
that you would describe as an agent and still 
be compatible with physics,” says Rovelli. 


A matter of time 


We have at least one big clue where to dig: 

the way agency changes the future, but not the 
past. “We think of agency in a time-oriented 
way,” says Rovelli. “We do something and 

then something happens.” Most physical 

laws don’t work like this: the basic equations 
of classical and quantum physics run just as 
well backwards as forwards. 

The only one-way street in physics is 
the inescapable rise of disorder, or entropy. 
This is encapsulated by the second law of 
thermodynamics, the empirical law that 
says ice creams melt, milk can’t be unspilled 
and that it is far easier to lose one sock than 
to unite a pair. “That’s one of the steps to 
clarify to unravel this problem,” says Rovelli. 
“How do entropy and the second law of 
thermodynamics come in?” 

Rovelli, Carroll and others are attempting 
to find out by sketching the possible 
connections between agency and wider 
cosmic flows. Carroll admits that there is still 
alot of groundwork to be laid. “How do you 
even translate concepts like ‘make a decision’ 
or ‘choice’ or ‘cause something to happen’ 
into the language of statistical mechanics 
where you have things bumping into each 
other and probability distributions and stuff 
like that?” he asks. 

Hidden away in these thermodynamic 
considerations is the concept of information. 
A century and a halfago, physicist James Clerk 
Maxwell imagined a tiny intelligent being that 
could gauge the speed of individual molecules 
in a gas to sort hotter ones from cooler ones, 
and so apparently decrease disorder and 


HELLO WORLD/GETTY IMAGES 


entropy in contravention of the second law. 
Subsequent investigations showed that 
it was clever manipulation of information 
that gave “Maxwell’s demon” this apparently 
unphysical power. Much more recently, 
physicists including Paul Davies at Arizona 
State University have suggested that 
information manipulation might be what 
distinguishes living matter from inert matter. 
It almost certainly has a bearing on agency. 
A curious physical fact is that we have access 
to detailed information about the past, in the 
form of our memories and other evidence, 
and also more limited, unreliable and 


“Our agency is 
time-oriented: 
we can change 
the future, but 
not the past” 


Ice creams don't 
choose to melt - 
but we choose 
to buy one 


corrupted information about the future, 
thanks to prediction from patterns in the past 
and present. Does agency in some way consist 
of an ability to harness and combine these 
different forms of information — and if so, 

can we develop a mathematical language to 
express their differences? Carroll is working 
on that. “I think that I have ideas and I’m on 
the right track for understanding,” he says. 
“But the i’s have not yet been dotted.” 

Others are scratching around the same 
territory. “Agents are just creatures that can 
learn about the world and use what they learn 
to change and control it,” says Susanne Still 
at the University of Hawaii. “They follow rules 
of information acquisition, so we need to find 
out what those rules are.” 

Those rules must fulfil certain criteria. 
They must include some element of memory 
storage and recall: the ability to bank and 
process external information over time so 
as to project it onto the future. They must 
allow for feedback loops, so relevant new 
information can update information already 
held internally. There must also be a way of 
delineating an agent’s boundary, to distinguish 
actions triggered internally from those 
triggered externally. > 
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NO ‘I’ IN COLLAPSE 


When it comes to the relationship 
between our power of agency and 
physical laws (see main story), 
quantum theory at first seems to 
send us spiralling into a new total 
perspective vortex. 

The difficulties are best illustrated by 
Schr6ddinger’s cat, the notorious feline 
that exists both killed and not killed 
by the random quantum decay of a 
radioactive atom, until — in the standard 
telling at least - an observer determines 
which by looking in their kitty carrier. 

Erwin Schrédinger was motivated 
to this absurdist thought experiment by 
a seemingly absurd reality. In quantum 
theory, objects are found not in definite 
states, but as probabilistic “wave 
functions” that allow the simultaneous 
existence of several different possible 
States. Make a measurement, however, 
and a single reality emerges. Quantum 
experiments back this up. Repeatedly 
measure the same quantum object and 
you won't measure the same state each 
time. Instead, a pattern of results will 
slowly develop corresponding to the 
probabilities of the different states 
encoded in the wave function. 

At face value, the process of “wave 
function collapse” to create a single 
defined reality brings an unwelcome 
new twist on agency: we as observers 
get to bring reality into being, but 
with no power over what we get. 
“Quantum mechanics doesn’t insert us 
into the causal chain,” says philosopher 
Jenann Ismael of Columbia University 
in New York. “It inserts uncontrollable 
events into the causal chain.” 

Things get even weirder with 
recent, more complex versions of 
Schr6ddinger’s thought experiment 
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in which two different agents 
simultaneously see contradictory 
versions of the same reality. So does 
agency break quantum theory? 

Probably not. More plausibly, this 
is evidence that we need to work on 
our interpretations of quantum theory, 
and that versions that credit observers 
with creating reality don’t cut it. Many 
physicists don’t need convincing. “It’s 
plainly bananas to believe you'll have 
no measurement results until the first 
human life evolved,” says Matt Leifer 
at Chapman University in California. 

Others see in it vindication for their 
own interpretations. Sean Carroll at 
the California Institute of Technology, 
for example, is one of many adherents 
of the many-worlds interpretation 
of quantum mechanics. This says 
that when we make a quantum 
measurement, we don’t decide 
anything, but are merely conveyed with 
the result of our measurement into one 
of many parallel realities corresponding 
to all the possibilities encoded in the 
wave function. “Despite the name, 
many worlds has the simplest, smallest, 
most compact fundamental picture of 
reality,’ says Carroll. “It's just a wave 
function obeying an equation.” 

The consequences might seem 
dramatic, with an infinity of parallel 
universes popping into existence at 
every fork in the road, but at least it 
would mean there is no particular 
quantum mystery to agency. “Attaching 
any special notion of agency to the 
collapse of the wave function makes 
no sense,” says Carroll. “But things like 
how do | choose what clothes to wear? 
That's a perfectly reasonable question 
where agency is obviously involved.” 


The role of 
observers 
inquantum 
mechanics 
is highly 
mysterious 
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“Agency is not just reflexes,” says Larissa 
Albantakis at the Center for Sleep and 
Consciousness at the University of Wisconsin- 
Madison. “If you're only reacting to the 
environment, you re not an agent, you're 
just a system going through the motions.” 
The apparently deliberative quality of our 
agency sets it apart from, say, bacteria 
responding to chemical stimuli, or even 
frogs reflexively snapping at passing flies. 
“We collect influences from our past, we 
subject those influences to reflective process, 
we somehow extract things like hope and 
dreams and bring them to bear on behaviour, 
to mediate between the influences impinging 
on us,” says Ismael. 

Together with her colleague Giulio Tononi, 
Albantakis has recently shown how systems 
with the same overall physical dynamics, but 
different internal ways of dealing with and 
distributing information, can develop different 
degrees of autonomous agency. Meanwhile, 
Still has found that information-acquiring 
machines built to retain memories and 
operate at maximum thermodynamic 
efficiency necessarily only retain new 
information with predictive power. “What 
emerges is an information bottleneck-a 
method that tells you to distil relevant, 
predictive bits and to throw away irrelevant 


clutter,” she says. Because thermodynamic 
efficiency gives a survival advantage, that 
might be a further lead on how something 
like agency first arose. 

Many other researchers are working at 
different bits of the agency problem, but all 
admit it is a huge work in progress. “I recognise 
the largeness of the project and the smallness 
of our progress so far,” says Carroll. 


Mind over matter? 


And there might be a twist to the tale. In the 
end, it might turn out to be less about what 
physics can tell us about agency, and more 
about what agency can tell us about physics. 
“The question of how much ofthe structure 
that Isee around me is my concepts projected 
onto the world, and how muchis the world 
projected onto me, is one of the deepest in the 
philosophy of mind,” says Knox. All we can say 
for certain about the laws of physics is that they 
make sense to us. Useful as their predictive 
power may be, we have no guarantee of their 
relationship to fundamental reality. Given 
these limitations, should we accept the starting 
premise that only they can provide answers? 
Leifer for one is doubtful. “I don’t believe 
that physics is necessarily as fundamental as 
most of us have been led to believe,” he says. 


Everytime 
we makea 
decision, we 
change the 
evolution of 
the universe 


Physics has been so successful, he thinks, 
precisely because it has extracted the easy 
stuff—the bits of the world amenable to 
characterisation by regular, mathematical 
laws — and put them ina box marked “physics”. 
But that doesn’t mean everything fits in there. 
Take an old chestnut that often comes up 
when people talk about conscious perceptions: 
colour. “Physicists have a definition of red: light 
of such and such a wavelength,” says Leifer. But 
they miss out the most essential aspect ofa 
thing’s redness —how red we perceive it to be— 
purely because we have no way of coming up 
with a common standard. “And why should we 
expect physics to have anything to do with it?” 


“The whole idea 
of an external 
world evolving 
by regular laws 
might be an 
illusion” 


asks Leifer. Agency might represent a similar 
conundrum, in which case we are fated to 
remain beyond the reach of the universe of 
physics we have invented. 

There are even some indications that 
“invented” really is the right word. Theoretical 
physicist Markus Muller at the Austrian 
Academy of Sciences in Vienna has recently 
shown that physical laws, at least of the type 
that underlie quantum theory, could be 
brought into existence purely by modelling 
how agents combine information 
probabilistically to come to decisions. In 
that case, the whole idea of an external world 
evolving according to regular laws might be an 
illusion: agency is the only thing there really is. 

A bridge too far? Maybe. Other answers 
are available. Perhaps they lie in some new 
understanding of how quantum effects play 
out in our brain, for example, or even more 
speculatively in the interplay of quantum 
theory and gravity, or other physics we haven't 
even invented yet. 

“Ts it just a matter of building the bridges 
between different layers of scientific 
description, or understanding an entirely 
new phenomenon?” asks Carroll. “I think 
it’s the first answer, but I’m admitting there’s 
a question there.” 

For all the uncertainties, asking these 
questions is a worthwhile enterprise, says 
Ismael. “It’s a really exciting development 
that physicists are trying to understand the 
human being and its place in nature,” she 
says. Finding answers will ultimately depend 
both on physicists’ calculating nous and 
philosophers’ clear conceptual analysis, she 
thinks. “This really is a place where physics 
and philosophy can fruitfully interact.” 

Where might this take us? “In the end, 
success will bea naturalistic understanding 
of human beings that seems to answer to our 
own conception of who and what we are, in 
ways that support things that matter about 
us, like moral responsibility and our sense 
that when we’re making a decision, that 
decision is playing an indelible and pivotal 
role in what we do,’ says Ismael. 

There is a limit to how far that goes, of course. 
Physics is unlikely to give us any guidance as to 
whether we are climbing the right way up life’s 
many-branched decision tree. Should I have 
got that puppy? I truly can’t decide. 8 


Richard Webb is executive 
editor of New Scientist 
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When a bizarre fossil smuggled out of Mongolia 
appeared for sale, dinosaur detectives launched 

an investigation to see if it was real, and what it 
might actually be. John Pickrell retraces their steps 


ESOLATE and beautiful, southern 
De Gobi desert is a vast, 
treeless expanse, with few 
permanent settlements and even 
fewer paved roads. It was here, amid the 
crumbling outcrops ofa fossil site known 
as Ukhaa Tolgod, that the poachers struck. 

The thieves would have worked 
methodically, digging out a half-metre-long 
block of soft red sandstone containing the 
whitish bones ofa small dinosaur. They 
probably doused the skeleton with superglue, 
acrude substitute for the substances that 
palaeontologists use to harden and protect 
fossilised bone. Then they probably wrapped 
the block in hessian and plaster, loaded it into 
a four-wheel-drive truck, and drove away, 
leaving smashed pieces of bone and bottles 
of superglue strewn across the desert. 

They had something valuable, that much 
the poachers knew. What they couldn’t have 
guessed was that it would turn out to such be 
a sensational dinosaur discovery. Nor could 
they have known the epic journey this fossil 
would take around the world, passing 
through the hands of criminals, dealers, 
and scientists — only to end up right back 
where it began, in Mongolia, a decade later. 

One reason the country is such a hotbed 
for fossil poaching is that unlike most places, it 
has great tracts of exposed Cretaceous rock in 
areas devoid of vegetation. Dinosaur bones are 
abundant here, and relatively easy to find. It is 
impossible to say exactly how many have been 
smuggled out of the country since the trade 
began in the 1990s, says Bolortsetseg Minjin, 
a Mongolian palaeontologist based in New 
York. She estimates that at least “hundreds 
of partial or complete dinosaurs skeletons 
have been poached, as well as thousands 
of other fragmentary remains and eggs”. 

The first obstacle that the Ukhaa Tolgod 
poachers faced was getting their bounty out 
of the country. Philip Currie, a palaeontologist 
at the University of Alberta in Canada who 
has worked in the Gobi for decades, says a 


XUANYU HAN/GETTY IMAGES 


good bet is that they were hidden in lorries 
carrying coal mined in Mongolia to China. 
“We think they are loaded into the back 
of the coal trucks and buried,” he says. 

The law says all fossils are the property 
of the Mongolian state and digging them up 
or exporting them without a permit is illegal. 
But when an excellent specimen can sell for 
$100,000 or more to overseas collectors 
and the poachers might get roughly a tenth 
of that, the risk of fines or prison is nowhere 
near enough to put them off. 


Genuinely weird 


The best way to piece together what might 
have unfolded next is to look at what happened 
to another poached Mongolian fossil: 
ahunchbacked, duck-billed dinosaur with 
huge claws called Deinocheirus. In that case, 
intel from the private collector who acquired 
it suggests that it passed from China to Japan, 
then to France and Germany. An important 
part ofthe smugglers’ skill set is moving 
fossils around in an untraceable way, says 
Currie. They often list them as “rocks” 


or some such on customs forms, he says. 

At acertain point in its mysterious journey, 
the plaster-encased fossil would have been 
taken to a workshop, where a preparator 
employed by the smugglers cleaned off 
some of the hastily applied superglue as well 
as part of the rock and sediment encasing the 
fossil. With the skeleton now half exposed 
for the first time since the animal died tens 
of millions of years ago, the poachers got 
a proper look at their swag: the remains 
of a weird goose-sized dinosaur, with 
sharp claws and bird-like features. 

In about 2010, the fossil surfaced in Europe. 
It arrived with a fossil dealer in the UK and 
also went on display in October 2011 at the 
Munich Fossil Show in Germany. It was 
photographed, and even briefly appeared 
on eBay. A buzz was beginning to build. 

One of those who noticed it was Francois 
Escuillié, the owner of Eldonia, a fossil 
dealership in France. As well as trading in 
fossils, he has made a habit of buying 
important black market specimens and 
donating them to museums so they can be 
studied. “This guy has lostalotofmoney,” » 


Aswan-like 
dinosaur fossil 
(opposite) was 
said to have 
been stolen from 
the Gobi desert 
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jokes Pascal Godefroit, a palaeontologist at 
the Royal Belgian Institute of Natural Sciences 
in Brussels. Escuillié’s efforts have also earned 
him respect among scientists and even 
immortality ofa sort after grateful researchers 
named an early elephant after him. 
Escuillié showed Godefroit images of 
the new dinosaur. Even though only one 
side of its skeleton was visible, with the rest 
buried inside the rock, he was captivated. 
“Shit! What is it?” were the first words 
out of Godefroit’s mouth. The body appeared 
to be that of a dromaeosaur, a group that 
includes speedy, predatory dinosaurs such 
as velociraptors. Attached to it, however, 
were what resembled the neck of a swan 
anda skull with a flattened, duck-like snout. 
“The question was: was it real?” says 
Godefroit. “It really looked like a chimera.” 
Chimeras are forgeries created by 
combining fossils. The most famous, dubbed 
Archaeoraptor, was announced as a new 
feathered dinosaur in 1999. It was in fact made 
from pieces of a fossilised dinosaur and a bird. 
The best chimeras seem to be created by skilled 
forgers in north-eastern China. They combine 
Chinese fossils, such as feathered dinosaurs, 
that have dark bones embedded in grey rock 
and are preserved squashed almost flat. 
The new dinosaur didn’t appear to be 
from north-eastern China. It was preserved 
in three dimensions and had white bones 
in reddish rock and sediment reminiscent 
of the Gobi desert. It also had a label that 
read “Central Asia”. All of which hinted that 
it was Mongolian and possibly genuine, 
but Escuillié and Godefroit hummed and 
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The owner of fossils The rules around 


depends on where fossil ownership 

they are found. aren’t always clear-cut 
In the UK, you can and vary by state 

scour the beaches and nation. Many 
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preventing fossils 
being traded, because 
scientists may have 
limited access to 
those held privately. 
Some nations with 
significant fossil 


of Dorset or Yorkshire 
for fossils and keep 
whatever you find. 

In the US, if you dig 
up a dinosaur on your 
own property then 
itis yours, but 
collecting on federal 
land is prohibited. 
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Halszkaraptor escuilliei may have 
been a bird-like predator of fish, 
using its “wings” as paddles 


hawed about what to do. 

The decisive moment came in May 2014 
when the pair were in Mongolia returning the 
skull of the Deinocheirus that Escuillié helped 
rescue. Godefroit’s institute is the only one 
that has an agreement with Mongolia to 
repatriate stolen fossils, and both men have 
a relationship with Khishigjav Tsogtbaatar, 
director of the Institute of Paleontology and 
Geology in Ulaanbaatar, the nation’s capital. 
Sitting down together, Tsogtbaatar produced 


resources, such as 
Brazil, Mongolia and 
Germany, have laws 
prohibiting both 
collection without a 
permit and export. 
Any Mongolian 
fossil for sale overseas 
has come from the 
black market, but 
some specimens are 
loaned to museums 
and palaeontologists 
for study and exhibit. 


a photo of the dinosaur in the reddish soil 
from the Munich show and said: “We need 
this specimen.” 

Escuillié returned home and immediately 
bought the fossil for an undisclosed sum. 

He picked it up in June at the Mineral and 
Gem International Show in Sainte-Marie-aux- 
Mines, France. Soon afterwards, he took it 

to Brussels, secured in a small wooden box. 

By now both he and Godefroit were 
convinced the specimen was genuine. 

There were also notes attached to the 
specimen, perhaps added by the poachers 
or dealers who had handled it along the way, 
that suggested it came from Ukhaa Tolgod. 

Proving this was going to be seriously tricky. 
But it had to be done, because confirming the 
provenance of fossils is essential if you are to 
date them, which is important if specimens 
are to be scientifically useful. The problem 
is that carbon dating is no good for dinosaur 
bones. Too many radioactive carbon atoms 
have decayed for the technique to be useful on 
anything more than about 50,000 years old. 

Instead, fossils are typically dated from 
the age of the rocks in which they are found, 
which themselves are dated using geological 
maps and other radiometric dating methods. 
But no detailed information was available 
about the fossil’s provenance. So Godefroit 
gathered a team to study the dinosaur, 
with the first task being to pin down where 
it came from. 

Palaeontologist Andrea Cau, then at the 
University of Bologna’s Giovanni Capellini 
Museum of Geology, came to Brussels for 
six months to study the specimen. Together, 
the team discovered that the fine reddish- 
orange rock around it closely matched that 
of fossil-rich layers at Ukhaa Tolgod. 

This dated the dinosaur to within the Late 
Cretaceous, some 71 to 75 million years ago. 

The next step was to get a look at the half 
of the skeleton still buried in the rock. The 
researchers X-rayed the specimen but the 
density difference between the bones and 
the sediment was too small to produce 
clear images. They tried to publish all their 
evidence in 2016, but other experts rejected 
the findings on the grounds that the fossil 
looked so strange it had to be fake. 

So they rolled out the big guns. Godefroit 
and his team took the specimen to the 
European Synchrotron Radiation Facility in 
Grenoble, France: Europe’s brightest source 
of X-rays. With the help of Paul Tafforeau, 
who leads the facility’s palaeontology work, 
they carried out the world’s first synchrotron 
scan of an entire dinosaur fossil. 
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Smuggled fossils have often 
surfaced at mineral shows in 
Europe andthe US 


It worked beautifully, delivering a pin-sharp 
reconstruction of the entire fossil. Hidden 
parts of the skeleton mirrored those on the 
surface, making a strong case for it being 
genuine. What made it watertight was the 
discovery ofa matching seam ofincreased 
bone density, known as a line of arrested 
growth, running through the whole skeleton. 

The scan didn’t just prove that the skeleton 
was legitimate, it showed it was even stranger 
than Godefroit had thought. The animal had 
stumpy, wing-like arms and many tiny conical 
teeth. Those teeth and the long neck brought 
to mind a fish-eating plesiosaur, says 
Godefroit. Taken together, they suggest a 
predator that spent much ofits time in the 
water, snapping up fish in Cretaceous lakes 
and rivers. It probably used its unusual 
forelimbs in the same way a penguin uses 
its wings: to pull itself forward in the water. 

It is hard to underestimate how odd that 
is. Many giant reptiles lived in the seas at 
the same time as the dinosaurs, but there 
are only two other dinosaurs known to have 
been highly adapted for swimming: a small 
armoured dinosaur from China that led a 
turtle-like lifestyle and the giant, fish-eating 
carnivore Spinosaurus. 

That did it. In 2017, Godefroit and his 
collaborators, including Currie, Cau and 
Tsogtbaatar, finally published a description 
of the dinosaur in Nature, naming it 
Halszkaraptor escuilliei. That honoured 


both Escuillié for rescuing the fossil and 
pioneering palaeontologist Halszka Osmdlska, 
who led a series of Polish expeditions 

to the Gobi desert starting in the 1960s. 

One study published in November 2019 
questioned whether the anatomical features 
of the specimen really indicated it had 
been semiaquatic. But most palaeontologists 
have enthusiastically supported the idea. 

Cau still has reservations that the team 
was unable to precisely determine the 
fossil’s provenance. But Currie and other 
palaeontologists, such as Phil Bell at the 
University of New England in Australia, have 
been developing a technique that might help. 
It uses the unique geochemistry of rocks and 


"Huge numbers of 
smuggled dinosaurs 
have been returned to 
Mongolia from the US" 


fossils to link specimens to their original 
locations. Armed with handheld X-ray 
fluorescence scanners, his team has been 
recording the geochemical profiles of 
sites such as Ukhaa Tolgod and comparing 
these with the signatures of fossils known 
to be from those sites. 

That isn’t the only method that might 
be useful. Fossils from this part of the Gobi 
accumulate uranium, giving them unique 
radioactive profiles. It might be possible 
to use this to help pin Halszkaraptor to 


a specific site, says Currie, because the 
radioactive profile of the fossil and the 
rocks it came from are likely to match up. 
Further tantalising clues are emerging 
that this species is part of a wide family 
of waterfowl-like dinosaurs. Cau used 
Halszkaraptor’s skeleton as a Rosetta stone to 
show that two previously described Mongolian 
dinosaurs, known only from fragmentary 
skeletons, were close relatives. A South Korean 
group is also studying the skeleton of another 
new halszkaraptorine from Mongolia, reports 
of which are yet to be published, and Godefroit 
is studying another possible relative in China. 
None of this would have come to pass if that 
fossil had disappeared into a private collection 
and Escuillié hadn’t brought it to Godefroit’s 
attention. “There’s nothing like this animal 
around and if it wasn’t for people trying to 
get around this issue of poaching, we would 
never see these fossils,” says Bell. 
That gives a certain poignancy to the 
next step in the dinosaur’s journey. 
Godefroit will soon repatriate it, and 
may fly alongside Escuillié to take it to 
the Institute of Paleontology and Geology. 
They are waiting for the call from the 
Mongolian Embassy in Brussels. “If they 
say to us, ‘Please send it to us next week’, 
it’s OK. We can doit,” says Godefroit. 
Much has changed in Mongolia since 
Halszkaraptor was roughly extracted from 
its rocks. In 2012, a poached Mongolian 
Tarbosaurus — a relative of Tyrannosaurus rex — 
was auctioned in New York for more than 
$1 million. It caused an outcry among 
scientists and Mongolian officials. In the 
aftermath, the Tarbosaurus specimen and 
a huge number of other smuggled dinosaurs 
that had ended up in the US were impounded 
and returned to Mongolia. They now fill 
Ulaanbaatar’s old Lenin Museum, rebranded 
the Central Museum of Mongolian Dinosaurs. 
“Despite having a wealth of fossils, 
Mongolia never had a designated museum 
for dinosaurs,” says Oyungerel Tsedevdamba, 
the former Mongolian minister of culture, 
sports and tourism, who helped to repatriate 
the fossils in 2014. “If you saw how people 
greeted Tarbosaurus bataar when it arrived 
in Ulaanbaatar, you would understand how 
important the restoration of cultural heritage 
is to the Mongolian people.” 


John Pickrell is a journalist 
based in Sydney. He is the 
author of Weird Dinosaurs 
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Behind the smile 


Our grins and frowns may just be tools to 
manipulate others, discovers Emma Young 


when they see one. The corners of 

the mouth turn up, of course, but 
the expression is all in the eyes. Those 
wrinkly crow’s feet around the edges are 
what distinguish this from an inauthentic 
or social smile. They are what make it a sure- 
fire sign that someone is happy. Right? 

Well, maybe not. And the same goes for all 
the other facial expressions of emotion. It may 
sound heretical, but psychologists are starting 
to question whether these really do reveal 
our emotions — or whether they might serve 
amore nefarious purpose. 

The orthodox view holds that there is a 
group of basic emotions — at least six, but 
perhaps many more - that all humans display 
on their faces in fundamentally the same way. 
This means that other people can reliably read 
your emotional state from your face. It isan 
appealing idea that has influenced everything 
from educational practices and behavioural- 
learning programmes for children with autism 
to emotion-detecting software algorithms. 
But now it is being challenged. Some dissenters 
believe that facial “expressions” aren’t reliable 
guides to our emotions at all, but tools that we 


E VERYBODY knows a genuine smile 


use to manipulate others. Ifthis is correct, 
the implications for our social interactions 
are enormous. 

The idea that patterns of facial muscular 
movements express and indicate our 
emotions has along history. It was popularised 
by influential 17th-century French artist 
Charles Le Brun, a court painter to Louis XIV, 
who prescribed the facial configurations for 
six “passions”: wonder, love, hatred, desire, 
joy and sadness. A couple of centuries later, 
based in part on his own experiments, Charles 
Darwin wrote that there were universal facial 
expressions associated with happiness, 
sadness, fear, anger, disgust and surprise. 

Better experimental data appearing to 
back this up came in the 1960s, when US 
psychologist Paul Ekman conducted 
fieldwork in a remote part of what is now 
Papua New Guinea. This was taken as 
evidence that these six “emotional 
expressions” are indeed shared by people 
everywhere. His work was immensely 
influential and inspired other studies 
seeming to support the idea that the human 
face is a universal billboard for our emotions. 

Over the past decade, however, fresh 


research conducted in small-scale societies 
with little access to Western culture has 
challenged these conclusions, says Lisa 
Feldman Barrett at Northeastern University 
in Boston. Take her team’s work with the 
Himba, a group of people living in northern 
Namibia. Avoiding a perceived weakness in 
earlier studies, the researchers didn’t ask the 
Himba to match a facial expression to a brief 
emotional story or emotion-linked word. 
Instead, participants were asked to sort 
36 images of posed facial expressions — 
the prototypical expressions of anger, fear, 
sadness, disgust, happiness and neutral — 
into piles by emotion type. Their responses 
didn’t support the universal basic emotions 
model, whereas those of a US comparison 
group did. The team concluded that culture 
influences how we perceive facial expressions. 
Research by Carlos Crivelli at De Montfort 
University in Leicester, UK, has yielded similar 
results. In 2013, he made his first trip to 
Papua New Guinea to study the people of the 
Trobriand Islands, who are subsistence farmers 
and fishers. He has found that they too don’t 
“see” emotions on faces in the same way that 
Westerners do. Forexample,theyinterpret >» 
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Poker face? 


US psychologist Paul Ekman 

has argued for the existence of 
“micro-expressions” that occur 
when we are fighting to hide our 
emotions. For instance, someone 
who is acting calm but actually 
feeling nervous will betray their 
anxiety in fleeting but noticeable 
muscular movements. This 
“involuntary emotional leakage” 
exposes a person's true emotions, 
Ekman maintains. His idea is 
contested. Nevertheless, if you are 
with people who believe that our 
faces reveal our true emotions — 
and most people do — you could 
use this to your advantage. 

To persuade others that you 
are genuinely happy, for example, 
try faking a Duchenne smile, in 
which the orbicularis oculi muscles 
around the eyes get involved, as 
well as the zygomaticus major 
muscles, which raise the corners 
of the mouth. Contrary to popular 
belief, a substantial minority of 
people can consciously do this. 

In fact, people tend to associate 
wrinkled up eyes with more 
intense and sincere emotion, 
not just for happiness but for 
pain and sadness, too. 

What if you want to work out 
how someone else is feeling? 
There may be other clues in their 
face. A team led by Aleix Martinez 
at Ohio State University has found 
unique patterns of facial colouring 
linked to various emotions, a 
result, the group believes, of subtle 
changes in blood flow affecting 
skin tone and complexion. 

Happiness is associated with 
redness on the cheeks and chin, 
for example, while disgust is 
associated with a blue-yellow 
tinge around the lips anda 
red-green colour around the 
nose and forehead. People asked 
to match faces displaying such 
patterns to emotional states got 
it right about 75 per cent of the 
time. So if you want to judge 
how other people are feeling, 
you might do better to ignore 
their facial contortions and look 
for these colour clues instead. 
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the classic “gasping” fear face as threatening 
and indicative of aggression -an unexpected 
match that Crivelli has since found in some 
other small-scale societies, such as the Mwani 
of the Quirimbas archipelago in Mozambique. 

Supporters of the orthodox view argue 
that there is increasing agreement about 
how emotions are displayed on faces across 
avery diverse range of cultures. But Crivelli, 
Barrett and others are convinced that there 
is no such thing as universal emotional 
expressions. If there were, why would we 
teach young children that a smile indicates 
happiness anda frown sadness, asks Crivelli, 
whose daughter recently came home from 
nursery school proudly showing off the 
“surprise face” she had learned. In fact, 
he believes that what we call “emotional 
expressions” don’t relate to emotion at all. 

Instead, he thinks they are tools we wield -— 
usually unconsciously — to get what we want 
from others. And in 2018, Crivelliand Alan 
Fridlund at the University of California, 

Santa Barbara, laid out the evidence in 
favour of the idea. 

In this view, pioneered by Fridlund, the 
supposed prototypical expressions of 
emotions take on new meanings, which 
aren't necessarily universal. A smile is a 
signal to work together, bond or be friends. 

A pout is designed to garner care or protection 
rather than to indicate sadness. Scowling, the 
supposed expression of anger, may be used to 
trigger another person to submit. A gasping 
face signals submission, not fear (in the West 
at least), and so could deflect an attack. Nose 
scrunching, traditionally associated with 
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Asmile is far from the only way 
to express happiness 
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“Not all cultures 
share the dogma 
that people smile 
when happy, 
scowl when 
angry and so on” 


disgust, is reconceived as a rejection of the way 
a social interaction is playing out. 

We may find it hard to revise our ideas about 
facial expressions. But not all cultures share 
the entrenched dogma that people smile when 
happy, scowl when angry and so on. When 
Crivelli asks Trobriand Islanders if they think 
it is possible to read the emotions of other 
people in their faces, they usually answer “no”. 
“They say we normally ‘have a face’, but it is to 
seduce you, to force you to do things for me,” 
he says. “They are engaged in dealing and 
bargaining every day, and they will say that if 
you want to get a good deal, smiling will help.” 

Recast facial movements in this way, and 
it changes how you perceive your social 
interactions. This morning, when I furrowed 
my brow at my young son, it wasn’t because 
Iwas angry but to prompt him to submit to 
my instruction to hurry up and get dressed. I 
smiled at his head teacher because it would set 
the tone for a cordial chat. And] beamed at a 
toddler in a pushchair because I wanted to 
convey that I wasn’t a threat. Both ofthese 
smiles were genuine signals of support 
and camaraderie, not polite or insincere 
expressions of emotion. 

Even if we concede that a smile does 
more than display happiness, surely the 
conventional view of smiling is supported by 
the fact that people produce an “authentic” 
smile that reaches the eyes —a so-called 
Duchenne smile — whenever they feel 
genuinely happy? Well, there is some 
evidence that this isn’t a fact at all. 

Crivelli and his colleagues found that 
whether victorious judo fighters produced 
a Duchenne smile depended more on their 
interaction with the audience than on the joy 
they presumably felt on winning a medal. 
Another study found that tenpin bowlers 
tended not to smile when they scored a strike, 
but only when they turned to look at fellow 
bowlers. Contrary to popular perception, 
there is even evidence that Duchenne smiles 
can be faked (see “Poker face?”, left). 


What’s more, research on what people’s faces 
actually do when they report feeling a given 
emotion reveals a lot of variation — even within 
countries and individuals, says Barrett, who 
recently led a review of more than 1000 studies 
of facial movements and emotions. For 
example, adults scowl when they are angry 
about 30 per cent of the time. That is more 
than you would expect by chance, but still 
means that 70 per cent of the time, when 
someone is angry, their face is doing 
something else. “They might cry, or smile, or 
widen their eyes and gasp,’ says Barrett. “Also, 
people scowl at other times— when confused, 
when concentrating, when they have gas.” 

Most of the time people who are happy 
do something other than smile, Barrett adds. 
A smile can occur when someone is happy, 
but also when they are afraid, angry, shy, 
relieved, embarrassed, or wants to appease, 
affiliate or submit. “No emotion category that 
has ever been studied has been shown to have 
a universal or even a prototypic expression, 
when you consider all the evidence, including 
the strengths and weaknesses of the scientific 
methods used,” she says. 

If'we are misinterpreting what facial 
movements mean, this surely undermines 
our ability to read other people, especially 
people from other cultures. We aren’t just 
missing a trick: this could have some serious 
implications. Our assumptions about facial 
expressions influence everything from how 
we diagnose and manage some conditions, 
suchas autism, to policy decisions, national 
security protocols and legal judgements. 


Misinterpretations 


Imagine, for example, members ofa jury 
watching a defendant charged with assault 
who scowls in concentration throughout the 
trial. Ifthat scowling is incorrectly seen as 
anger or contempt, this could unfairly bias the 
jury. Or take programmes run by agencies such 
as the FBI designed to train agents to spot the 
signs of fear, stress and deception in people’s 
faces and body movements. Criticisms of some 
of these methods have led to suggestions that 
software might be more effective. Indeed, 
various companies already market technology 
that promises to identify what an individual is 
feeling by analysing video images of their face. 
Barrett and Crivelli believe that software isn’t 
the answer, however, because this entire 
approach is flawed. 

Many advocates of the idea that our faces 
express our emotions argue that it isn’t 
unsound, it just needs expanding. In 2019, 


People of the Trobriand Islands see 
more than emotions in expressions 


Alan Cowen and Dacher Keltner, both at the 
University of California, Berkeley, published 
research concluding that signals from the face 
and body together can reliably indicate at least 
28 distinct categories of everyday emotions, 
at least among Western adults. These include 
things like pride, embarrassment, desire and 
amusement. Perhaps, they suggest, those judo 
winners were predominantly feeling pride, 
which isn’t expressed with a smile. Smiles 
certainly don’t have to be linked to happiness, 
says Keltner, but that doesn’t mean they don’t 
relate to emotions. Many different kinds of 
smile map onto more specific states, such as 
amusement, desire, love, interest, awe and 
sympathy, he argues. 

In other words, Cowen, Keltner and their 
colleagues believe that emotions can be read 
from the outside, it is just more complicated 
than we thought. They would like to see 
machine-learning and statistical modelling 
approaches used to map how the emotions 
in their expanded list are conveyed using 
combinations of facial expressions, 
non-verbal vocal signals, such as tone 
of voice, and contextual signals. 

The revisionists are unconvinced. 

There is no good evidence that any 
physical movement -— whether in the face 
or body — inherently has any particular 


psychological meaning, says Barrett. 
Both sides agree that context is crucial 
for understanding what facial movements 
might indicate. But Barrett wonders how much 
context is sufficient for reliable judgements. 
Is itenough to know that someoneis at a 
funeral or in a job interview? Or do you also 
have to know that they have no strong feelings 
about the deceased but wouldn’t dream of 
not looking sad? Or that the lunch they ate 
before their interview is making the waistband 
of their trousers painfully tight? 
Iexperienced this for myself while 
researching this story. To contact Crivelli, 
I googled his university web page and was 
struck by his photo. He is tight-lipped with 
eyes open wide. His expression seems 
challenging — hostile, even. When I caught 
up with him, I asked how he was feeling at the 
time and what, ifanything, he was trying to 
convey. He laughed. “That photo was taken 
for a visa for the US.I couldn’t smile, and I 
was probably thinking, let’s hurry up and get 
this done!” Without this unexpected context, 
I would have assumed from Crivelli’s face that 
he was angry or unfriendly. On both counts, 
I would have been plain wrong. I 


Emma Young is a freelance 
journalist, staff writer for the 
British Psychological Society 
and author of Sane 
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Jobs POSTDOCTORAL POSITION - Vascular smooth muscle 
and endothelial cell ion channels 


NIH-funded postdoctoral position immediately available to study 
physiological functions and pathological alterations in arterial 
smooth muscle and endothelial cell ion channels. Projects include 
studying blood pressure regulation by ion channels and regulation 
of trafficking, signaling and functions of TRP, BKca, K v and voltage- 
dependent Ca** channels, similar to studies we have recently 
published (Kidd et al. Science Signaling 2015, Leo et al. Science 
Signaling 2017, Bulley et al. eLife 2018, Hasan et al. PNAS, 
2019). Techniques in the laboratory include, RT-PCR, Western 
blotting, biotinylation, immunofluorescence, FRET, patch-clamp 
electrophysiology, calcium imaging, pressurized artery myography, 
blood pressure telemetry and conditional knockout mouse models. 
Experience with molecular biology, ion channel biochemistry, patch 
clamp electrophysiology, and cardiovascular physiology preferred. 
Required qualifications include a PhD or MD in Physiology or a 
related field. 


Send curriculum vitae and names and addresses of three references 
to Dr. Jonathan H. Jaggar, Maury Bronstein Endowed Professor 
of Physiology, Department of Physiology, University of Tennessee 
Health Science Center, 894 Union Avenue, Memphis, TN 38163, 
USA.  jjaggar@uthsc.edu. _https://www.uthsc.edu/physiology/ 
faculty /jjaggar. php 


The University of Tennessee is an EEO/AA/Title VI/Title IX/Section 
504/ADA/ADEA employer. 


Putting brilliant 


minds to work Intelligence Community Postdoctoral 


Research Program Fellowship Program 


, F ’ The Intelligence Community (IC) Postdoctoral Research Fellowship 
Sign up, create your own job alerts and discover Program offers scientists and engineers from a wide variety of 
the very best opportunities in STEM at disciplines unique opportunities to conduct research in a wide range of 
topics relevant to the Intelligence Community. The research is conducted 
by the Postdocs, while working in partnership with a Research Advisor 
and collaborating with an advisor from the Intelligence Community. 


In partnership with the Research Advisor, the Postdoc composes and 

submits a technical proposal that responds to a research opportunity 

identified at: 
https://orise.orau.gov/icpostdoc/current-opportunities.html 


Award Details: 


- Annual stipends range from $75,000 to 
$79,000, depending on research location 
- Annual travel budget of up to $6,000 
+ Appointments for 2 years, and option 
to extend for a third year ; 
+ Host institutions receive an annual 
laboratory budget of up to $5,000 p 
- Research Advisors receive a SIO,000 stipend 
Recruitment advertising and an annual travel budget of up toS2,000 
Tel +44 (0)20 7611 1204 
Email nssales@newscientist.com Postdoc Eligibility: 


U. S. citizenship required 


@science_jobs #sciencejobs Ph.D. received within 5 years of the application deadline 


To learn more and to apply, please visit 
https://orise.orau.gov/icpostdoc/ 


Applications Accepted January 6 - February 28, 2020 
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Marine 
Biological 
Laboratory 


rHE UNIVERSITY O! 
CHICAGO 
The Ecosystems Center of the Marine Biological Laboratory (MBL) 
is hiring faculty at all levels to expand our program in coastal 
ecosystems ecology. Scientists with an interest in collaborative, 
interdisciplinary studies on coastal estuaries, bays, marshes, 
and/or coastal watersheds across the globe will be considered. 
Applicants from communities underrepresented in science, or with 
a strong history of service to these communities, are particularly 
encouraged. Candidates applying at the Associate or Senior level 
should demonstrate the potential to take a leadership role in the 
Plum Island Ecosystems Long-Term Ecological Research program 
(pie-lter.ecosystems.mbl.edu/) or the Semester in Environmental 
Science (mbl.edu/ses/). We seek candidates with diverse areas 
of research expertise, including, but not limited to, biogeochemistry 
and its controls, trophic interactions, ecological modeling, and 
community and ecosystem ecology. Top priority will be given to 
candidates demonstrating interest in conducting research within 
the broad context of global climate change and other anthropogenic 
influences on the coastal zone. 


The Ecosystems Center (mbl.edu/ecosystems/) was founded four 
decades agoto investigate the structure and functioning of ecological 
systems and predict their responses to changing environmental 
conditions. The current faculty is highly collaborative, with strength 
in biogeochemistry, ecological modeling, microbial ecology, 
microbial dynamics, plant-soil interactions, coastal processes, 
and adaption to life on land (mbl.edu/ecosystems/faculty/). 
Ecosystems faculty also collaborate with other groups at MBL with 
expertise in molecular evolution, functional genomics, microbial 
diversity, developmental and regenerative biology, bioinformatics, 
and advanced imaging techniques. MBLs initiative in coastal 
ecosystems ecology complements other strategic initiatives at 
MBL involving microbiome research, the development of aquatic 
organisms as new research tools, and advanced imaging and 
image analysis. The MBL is an affiliate of the University of Chicago 
and an Equal Opportunity/Affirmative Action employer committed 
to diversity. All qualified applicants will receive consideration for 
employment without regard to race, color, religion, sex, national 
origin, disability, gender identity, sexual orientation or protected 
veteran status. 


Qualifications: 


Applicants must hold a Ph.D. (or equivalent advanced degree) 
in a relevant field. The successful candidate will demonstrate 
an interest in collaborative, interdisciplinary work, as well as a 
strong potential for establishing a vigorous extramurally supported 
research program that can complement existing areas of strength. 


Applications should be submitted at https://academicjobsonline. 
org/ajo/jobs/15843 


Applications received by March 15 will receive full consideration; 
however, applications will be accepted until the position is filled. 
Inquiries about the position should be directed to Dr. Anne Giblin, 
Chair of the Search Committee (agiblin@mbl.edu). 


newscientistjobs.com 


Northeastern 
University 


Assistant/Associate/Full Teaching Professor 
- Electrical and Computer Engineering - 
Robotics 


About the Opportunity: 


The Department of Electrical and Computer Engineering at Northeastern 
University invites applications for Assistant/Associate/Full Teaching 
Professor with a focus on Robotics 


Responsibilities: 


Northeastern University’s Department of Electrical & Computer Engineering 
seeks outstanding candidates for the position of Assistant/associate/ 
full teaching professor with a focus on Robotics. This is a full-time, 
benefits-eligible, non-tenure-track position. Appointments are made on 
an annual 8-month basis, with salary commensurate with experience. 
The position of Assistant Teaching professor entails educational 
interaction with students in roles including, but not limited to, traditional 
instruction (lecture courses, lab courses), curriculum development, and 
student advising. The main responsibility of this position is teaching 
courses related to robotics, including kinematics, dynamics, and control 
of robots, design of microprocessor-based control systems, sensory 
devices, output actuators, numerical methods, state estimation, 
control, perception, localization and mapping, motion planning, and 
the ROS (Robotic Operating System) environment. Also expected to 
teach courses in embedded systems, digital logic design, computer 
organization and/or programming. 


The annual teaching course load is six courses, with the potential for 
teaching more than one section of a course in the same semester, over 
Fall and Spring semesters. Courses may be at both the undergraduate 
and graduate levels. 


Qualifications: 


A PhD in Computer Engineering, Electrical Engineering, Computer 
Science, teaching experience, is required. Candidates should have 
demonstrated experience robotics and related subareas. At least 
2 years’ experience in teaching at the college/university level is 
recommended. Excellent written and oral communication skills are 
required. Industrial experience is desirable, but not required. 


Application should include a cover letter, CV, teaching statement, 3 
references. Asample syllabus from a previously taught class is optional 
but recommended. 


Salary Grade: FAC 
Additional Information: 


Northeastern University is an equal opportunity employer, seeking to 
recruit and support a broadly diverse community of faculty and staff. 
Northeastern values and celebrates diversity in all its forms and strives 
to foster an inclusive culture built on respect that affirms inter-group 
relations and builds cohesion. 


All qualified applicants are encouraged to apply and will receive 
consideration for employment without regard to race, religion, color, 
national origin, age, sex, sexual orientation, disability status, or any 
other characteristic protected by applicable law. 


To learn more about Northeastern University’s commitment and support 
of diversity and inclusion, please see www.northeastern.edu/diversity 


To apply, visit https://apptrkr.com/1784885 
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REGISTER TODAY 


April 25,2020 | AACR Annual Meeting 2020 | San Diego, CA 


FOR MORE INFORMATION AND TO SIGN UP 


Visit CancerCareers.org, call 215-440-9300, 
or email CareerFair@aacr.org. 


Scientists at all levels: Employers: 
Upload your CV/resume today Post Positions 
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Sam Wong is social media 
editor at New Scientist. 
Follow him @samwong1 


What you need 
Kombu (dried kelp) 
Katsuobushi (tuna flakes) 
Miso paste 

Silken tofu 

Spring onion 


Fornext week 

Plain flour 

Baking powder, baking soda 
Buttermilk 

Eggs 

Butter 

Sugar, salt, maple syrup 


Next in the series 
1Caramelising onions 
2 Making cheese 
3 Science of crispiness 
4 Tofu and Sichuan pepper 
5 Gravlax and curing 
6 Tempering chocolate 
7 Umamiand flavour 
8 Perfect pancakes 
The chemistry that 
makes a better batter 
9 Kimchi and fermentation 
10 Sourdough bread 


Science of cooking Week 7 


A taste sensation 


You've probably heard of umami, but what exactly is the “fifth 
taste”? Sam Wong explains, and shows you how to maximise it 


UMAMI, from the Japanese 
words for “delicious taste”, 

was first described by chemist 
Kikunae Ikeda in 1907, but it 
took a while for the rest of the 
world to catch on. The word’s 
first appearance in a mainstream 
English-language publication 
came in New Scientist in 1979. 

Umami finally gained wide 
acceptance in 2001, with the 
discovery of receptors on the 
tongue that respond to glutamate, 
an amino acid that is key to the 
umamitaste. At least two other 
compounds — inosine and 
guanosine —also contribute. The 
various umami molecules act in 
combination, provoking stronger 
sensations when present together. 

Meat or bones simmered for a 
long time release lots of umami 
compounds, so umamiis 
sometimes described as tasting 
meaty. But other potent triggers 
come from plants or fungi, such as 
tomatoes or shiitake mushrooms. 

We seem to be innately disposed 
to find the umami taste enjoyable, 
presumably because the 
compounds that create it signal 
the presence of protein, which is 
so important in our diet. This 
enjoyment of umami begins at a 
very early age: human breast milk 
is high in glutamate, suggesting 
that it is nutritionally important 
to growing babies. 

Although the synthetic version, 
monosodium glutamate (MSG), 
has acquired a reputation for 
causing ill effects, studies have 
found no evidence to support this 
notion. MSG will give your food 
that satisfying umami kick, but if 


All projects are posted at 


that feels like cheating, soy sauce, 
tomato puree and Marmite are 
all loaded with glutamate and 
work as excellent flavour 
enhancers. Fish sauce is a great 
source of inosine, while dried 
porcini mushrooms release lots 
of guanosine. 

Ikeda discovered umami by 
researching dashi: a stock used 
in Japanese cooking that is based 
on kombu, akind of kelp, and 
katsuobushi, flakes of dried tuna. 
Dashi’s subtle savoury taste makes 
it a great base for all kinds of soups 
and stews. Look for kombu and 
katsuobushi in Asian food shops. 

To make dashi, add a large piece 
of kombu to a litre of water and 
bring it to the boil. Take out the 
kombu at this point — it gives offa 


The Q&A 

Elizabeth Sandel on 
the long-term effects 
of concussion p56 


Science of cooking online 


newscientist.com/cooking Email: cooking@newscientist.com 


bitter flavour in boiling water. 
Throw in a handful of katsuobushi 
and simmer for a minute, then 
turn off the heat and let the flakes 
infuse for 10 minutes before 
straining. 

Miso, made from fermented 
soya beans, is another Japanese 
ingredient high in umami. Miso 
soup is, for me, one of the most 
comforting foods there is. For 
two servings, stir one tablespoon 
of miso paste into 500 millilitres 
of dashi stock. Add a few cubes of 
silken tofu and spring onion or 
wakame seaweed and serve. 

You can also watch convection 
in action as your soup cools. The 
clouds of miso particles show how 
hot liquid rises in the centre, cools 
and sinks again at the edges. ! 
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JAMES WINSPEAR 


The back pages Puzzles 


Quick crossword #51 Set by Richard Smyth 


fa a al i 


a a a 


ial ia ie 
aes 


TT 


ACROSS 

1 Typically, having only 
length and width (3-11) 

10 Item seized by Wittgenstein 
ina 1946 debate (5) 

11 Broadcast; schedule; 
curriculum (9) 

12 Absence of an 
organ or tissue (7) 

13 The__ Cuckoos, 1957 
John Wyndham novel (7) 

14 Electronic 
correspondence (5) 

16 Disconnector switches (9) 


DOWN 
2 Publisher of classified 
data, founded by Julian 
Assange (9) 
3 French satellite system; 
large main-belt asteroid (5) 
4 Cartography (9) 
5 Rice paddy herb, 
Limnophila aromatica (3,2) 
6 Expose to radiation (9) 
7 Maths game devised 
by Piet Hein (5) 
8 Invertebrate 
phlebotomists (7) 


19 Piscivorous raptor (4-5) 

20 Acidic compound 
used as a stain (5) 

22 Unwanted parts of 
a mineral deposit (7) 

25 _atthenest, termin 
ecology for juveniles that 
assist in brood-raising (7) 

27 Messier 31 (9) 

28 Scorched; overheated (5) 

29 Theory of lithospheric 
movement (5,9) 


9 Morphine or 

codeine, say (6) 
15 Fructose (9) 
17 Form of major surgery (4,5) 
18 Relating to childbirth (9) 
19 Light used in 

misty weather (7) 
21 Space station? (4-2) 
23 Ephenidine (5) 
24 Central part of a 

root or stem (5) 
26 __a Chip, journal 

of miniaturisation (3,2) 


Answers and the next cryptic crossword next week. 
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Quick quiz #38 


1 Based on their different 
neurobiology, lust, attraction 
and attachment are the 
three main subcategories 
of what? 


2 Which of the three is 
thought to be principally 
mediated by the hormones 
dopamine, norepinephrine 
and serotonin? 


3 Also known as the “cuddle 
hormone’, which peptide 
hormone plays a major part 
in social and reproductive 
attachment in many 
mammal species? 


& The medication sildenafil, 
sold under the brand name 
Viagra among others, was 
originally developed as a 
treatment for what? 


5 During the mating season, 
what accounts for up to 

63 per cent of a female 
praying mantis’s diet, 
according to a 2016 study? 


Answers below 


Cryptic 
Crossword #24 
Answers 


ACROSS 1/4/16 Twenty 
twenty vision, 9 Tornado, 
10 Newts, 11 Nasal, 

12 Precede, 13 Regrettable, 
18 Integer, 20/23 Helen 
Sharman, 22 Irate, 

24 Natant, 25 Stoner 


DOWN 1 Tetany, 2 Earns, 

3 Trailer, 5 Wince, 7 Yes-men, 
8 Computerise, 14 Extract, 
15 At heart, 17 Inaner, 

19/6 Green New Deal, 

21 Lumen 


Quick quiz #38 
Answers 
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Puzzle set by Zoe Mensch 


#46 Pi-thagoras 


Pythagoras’s 
theorem says 
that for any 
right-angled 
triangle, the 
square of the 
hypotenuse (the 
longest side of 
the triangle) is equal to the sum of 

the squares of the other two sides. 

There are some right-angled triangles 
whose sides are all whole number lengths. 
The simplest and best known is the 
"3-4-5" triangle (32 + 42 = 52). 

| have drawn a circle that fits precisely 
inside a 3-4-5 triangle. What is the area 
of the circle? Have a guess. And then 
see if you can prove that you are right. 


Answer next week 


#45 Beetles ona clothes line 


Solution 
+> >-_— > + e 
A B C D E F 


The last two beetles to drop off the line, both 
after 2 minutes, are beetle B at the left-hand 
end and beetle C at the right-hand end. 


When two beetles meet, they reverse 
direction. But blur your eyes and you may 
see that this is equivalent to the two beetles 
walking past each other on parallel paths. 


So, a beetle that starts at one end will walk 

2 metres (taking 2 minutes) before dropping 
off the opposite end. Four beetles are 
pointing to the right at the start, so we will 
see four of them drop off the right-hand end, 
and since beetles can’t actually go past each 
other, the beetle that starts four places 

from the right (beetle C) must be the last 

one that drops off the right-hand end. 


By the same reasoning, two beetles fall off to 
the left, the second of these being beetle B. 


Our crosswords are 
now solvable online 
Available at 
newscientist.com/crosswords 


The back pages Feedback 


Hell ina handcart 


When was the last time you 
doubted your phone? For Feedback, 
its word is gospel. If our mobile 
device told us it was evening, we 
would abandon our breakfast and 
head back to bed. If it told us we 
were in the middle of a heatwave, 
we would walk through snow in 
our shorts and flip-flops. And if it 
told us that the quickest way home 
across London involved changing 
trains in Edinburgh, we would 
instantly book our tickets on the 
Caledonian sleeper. 

This unthinking subservience to 
our devices leaves ample room for 
mischief. And it is in this tricksy 
in-between space that Berlin-based 
artist Simon Weckert likes to have 
his fun. One of his newest projects, 
for example, involves strolling down 
usually busy roads, lugging behind 
him a red plastic handcart filled with 
99 smartphones. Not as evocative 
as Nena’s luftballons, perhaps, but 
they serve a different purpose. Each 
phone is connected to Google Maps, 
and so is masquerading as a car 
driving down that same street. 

The widespread use of Google 
Maps means that many nearby 
drivers will see an impassable 
traffic jam and leave the area 
alone, allowing Weckert to continue 
trundling down the middle of a 
deserted stretch of road. 

Is it art? Is it technology? 
Whatever it is, we salute Weckert 
for being incredibly annoying. 


Pure imagination 


Perhaps you have heard of Larabar, 
the allegedly moreish snack bar 
with a mysterious umlaut. 
Perhaps you have even tried one. If 
so, Feedback has reassuring news 
for you. Larabar’s entire range of 
products are made from “only real 
ingredients”. That’s right, put away 
those concerns about consuming 
unicorn horn or accidentally 
swallowing a well-curated online 
comment section: nothing 
imaginary has been harmed in 
the making of these snack bars. 
Our thanks go to Richard Miller 
for letting us know about Larabar’s 


admirable policy. Ifanyone out 
there is keen to fill this gap in the 
market by manufacturing a snack 
bar made exclusively from non- 
existent ingredients, please cut us 
a slice of the imaginary action. 


Fly me to the moon 


Alot can go wrong on a first date. 
Feedback once turned around in the 
cinema to find our date’s parents 
waving at us from the back row. 
Of course, Feedback has legendary 
charm. That's probably why they 
came along. Either that or they 
really wanted to see Monsters Inc. 

The bottom line is it always 
pays to have an exit strategy. 
Like a prearranged phone call, an 
emergency appointment or a family 
member stationed at the back of the 
cinema. This basic bit of human 
psychology was lost on Yusaku 
Maezawa, a 44-year-old billionaire 
of the money-can-buy-me-love 
variety we thought didn't exist 
outside of comic books. 

Earlier this year, Maezawa 
launched a global competition 
to find a date. That's good, isn't 
it? A totally healthy way to find 
love. Petrarch probably wrote 
sonnets about it. 

The lucky winner would then 
get to accompany Maezawa on his 
planned trip to orbit the moon. As 
first dates go, in theory at least, it’s 
definitely up there. But after you've 
sensually fed each other chocolate- 
coated strawberries from a tube 
for the dozenth time, what do you 
do if you feel like calling it a day? 
Hop into an escape module? 
Activate an ejector seat? It’s alla 
bit unpleasantly claustrophobic. 

So we were grateful to hear 
that Maezawa has called off his 
search for love. No doubt deeply 
embarrassed by the free publicity he 
had unintentionally accrued, he felt 
the only honourable thing to do was 
to make his way into outer space as 
the moon's most eligible bachelor. 
We wish him well. 


3-dim to 6-dim 


Our Sydney-based reporter 
Alice Klein sends word ofa 


Twisteddoodles for New Scientist 


CoMe QuicKLy 
WeEVE MADE 
A FANTASTIC 

Discovery! 


\ 
THE ELEMENT 
OF sueerise! 


| | 
Ge 


beauty clinic in her neck ofthe 
woods that offers “3-dimensional 
to 6-dimensional eyebrow 
feathering”. 

Eyebrow feathering, for those of 
you who weren’t around when we 
googled it just now, is a baroque 
procedure designed to give the 
impression of fuller brows. Tiny 
incisions are made in places where 
the eyebrow seems insufficiently 
bushy, and then filled in with dye 
so that they look like additional 
hairs, a bit like a tattoo. 

The whole process seems 
painful enough in three 
dimensions, let alone six, but it is 
the range of options that leaves us 
truly bamboozled. How does a 
five-dimensional eyebrow feather 
differ from a four-dimensional 
one? Would one be embarrassed 
to pass through hyperspace if 
one’s eyebrows were groomed 
with insufficient dimensionality? 


—— 


A NEW ELEMENT | 
You NEED To SEE. 


CHEM LAs 


@twisteddoodies 


$$. 


Feedback prefers to stick to 
string theory by having our 
eyebrows threaded instead. 


Puff piece 


A touch of childish humour now 
for these bleak times that we live 
in. As China cracks down on the 
spread of the coronavirus, infrared 
cameras have been installed in 
airports and train stations across 
the country to monitor the 
temperature of passengers. 

If you think that is an 
unpardonable invasion of privacy, 
we are afraid it gets worse. 

According to a tweet by the 
Chinese news site Global Times, the 
cameras are extremely sensitive. So 
sensitive, in fact, they can detect - 
how shall we put it gracefully - 
localised lower dorsal emissions 
of hot air. It is, apparently, enough 
to bring a blush to your cheeks. ! 


Got a story for Feedback? 

Send it to New Scientist, 25 Bedford Street, 
London WC2E gES or you can email us at 
feedback@newscientist.com 
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The back pages Almost the last word 


Running on empty 


Many runners experience a 
“second wind". Is this areal, 
measurable phenomenon or 
a psychological effect? 


Lewis O’Shaughnessy 

London, UK 

There are a couple of theories to 
explain second wind, the apparent 
boost that some runners feel late 
in an endurance activity. The 
simplest is that it is the onset ofa 
runner’s high: endorphins kick in 
and their “feel good” nature helps 
us to ignore the pain. 

The other theory takes some 
credence from the fact that the 
feeling is more widely reported by 
amateurs than professionals. The 
thinking goes that it takes some 
time for the body to warm up and 
begin clearing lactic acid—a 
compound that leads to feelings of 
fatigue — from the muscles. Once 
this kicks in, the pain lessens and 
the second wind begins. The 
bodies of highly trained athletes 
tend to be more efficient at this 
and so they clear lactic acid from 
the start. As a result, they don't feel 
a “second” wind. 

Finally, as the questioner 
suggests, it may be psychological. 
As anyone who has raced a long 
distance knows, a big boost comes 
from realising you're over halfway. 


Ian Taylor 
School of sport, exercise & 
health sciences, Loughborough 
University, UK 
Athletes often put more physical 
effort in at the start ofan 
endurance activity then ease back 
into a rhythm. Their physiology 
tends to mirror this: metabolic 
parameters such as lactate 
accumulation tend to level off, so 
the exercise might feel a bit easier. 
Psychological research has 
shown that an athlete’s desire to 
slow down is elevated in the early 
part of an endurance event 
because they are worried that their 
current intensity is too high. But 
after a while this desire plateaus. 
On the flip side, the importance of 
the goal decreases and levels off. 
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MACFORMAT/GETTY IMAGES 


This week’s new questions 


Radio gaga IfI use my cellphone then put it next to my 
bedside radio, the radio starts to make odd sounds through 
the speaker. What’s going on? Brian Davis, Toronto, Canada 


Seat of wisdom Have we always known that we think with 
our heads? Is it instinctive? Theo Rance, Beverley, Yorkshire, UK 


As aresult of these motivational 
dynamics, athletes may feel a 
second wind. 


Richard Waterhouse 

Arlesey, Bedfordshire, UK 

When I was a child, anda serial 
“runner away” from infant school, 
Icould run the mile home at full 
speed. At primary school, I could 
do the same over double the 
distance and still vividly recall the 
wonderful Chariots of Fire feeling 
of being borne along by automatic 
legs. But at secondary school, the 
older boys started long distance 
runs at a modest pace, anda fear of 
being different prevented me from 
using my superpower. Sadly, it 
never returned. 


Water effect 


Water usually reduces friction 
between two surfaces. So why is it 
more difficult to put on socks and 
gloves when your feet and hands 
are wet? 


Vittoria Dessi 

London, UK 

Whether water acts as a lubricant 
or not depends on the nature of 


the two surfaces. For water to 
reduce friction, it must reduce the 
contact area between two surfaces 
by separating them and acting asa 
barrier. It can only do this if 
neither surface is absorptive, 
otherwise the water won’t remain 
between them. 

Since fabric isn’t usually 
waterproof, the water on your 
skin doesn’t reduce the friction 
between it and the sock or glove. 

In addition, water is adhesive 
and attracted to other substances. 
The atomic structure of water 
molecules, with two positively 
charged hydrogen atoms and one 
negatively charged oxygen atom, 
creates a molecule that is polar. 
This means one side of the 
molecule is slightly positively 
charged and the other side slightly 
negatively charged. Asa result, the 
molecule is attracted to other polar 
molecules and can even induce 
polarity when brought near to 
certain non-polar molecules. 


How cana phone 
cause a bedside radio 
to make noises? 


This causes an attraction between 

the fabric, water and your skin and 
is what makes it harder than usual 
to put on clothes. 


Chris Daniel 

Glan Conwy, Conwy, UK 

When skin is wet, its surface layer 
softens, causing its coefficient of 
friction to be two or three times 
greater than when it is dry. Ifthe 
fabric is also wet, the surface 
tension in the film of water 
between the fabric and the skin 
causes the fabric to cling to 

the skin with a much greater 
contact area than when both 
surfaces are dry. 

All these effects cause clothing 
such as socks or shirts to become 
noticeably difficult and 
uncomfortable to pull on when 
the skin or material is wet. 


Millie Hughes 

Amersham, Buckinghamshire, UK 
You may have noticed that 

your toes and fingers go wrinkly 
when they have been wet fora 
prolonged period. This is an 
adaptation to increase the surface 
area of our hands and feet, in turn 
increasing the friction and giving 
us a better grip. 

This works against us when 
trying to put on gloves or socks 
with wet hands or feet as the 
greater surface area increases 
the friction between us and the 
clothing, making it harder to 
put the clothing on. 


Simon Dales 

Oxford, UK 

One way of avoiding this effect, 
when putting on a wetsuit or 
cycling arm warmers, say, is to 
cover each limb in turn witha 
plastic bag. The garment will 
then slide on quite easily. ! 
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The back pages Q&A 


Our knowledge of brain injury and the 
long-term effects of concussion has 
changed dramatically in recent years, 
says Elizabeth Sandel, particularly 
when it comes to children’s sports 


So, what do you do? 

I specialise in physical medicine and 
rehabilitation (PM&R or physiatry), a young 
specialty with only about 10,000 practitioners 
in the US. We treat people of all ages with 
disabling conditions such as arthritis, brain 
injuries, chronic pain, congenital conditions, 
muscle and nerve conditions. 


You've just written a book about 
concussion. Why? 

Films and other media depict concussion as a brief 
jolt to the head. Victims who don’t die “see stars”, 
but they quickly recover. These portrayals convey 
the message that concussion is a trivial matter 
without lasting consequences. But that is far from 
the truth — concussion is an injury to the brain. 


What kind of impacts can cause problems? 

It could be a fall ora sports injury. But it doesn’t 

have to bea blow to the head: a combination of 
acceleration-deceleration and rotational forces can 
cause aconcussion. Some parts of the brain are 

very susceptible to stretching by these forces. 

So, for example, in a high-speed motor vehicle crash, 
a seat-belted person may sustain a concussion 
without any direct impact to the head. 


Can concussion have long-term effects? 
Some people develop a chronic condition called 
post-concussive syndrome, especially ifthey don’t 
receive education and targeted treatments. Typical 
symptoms include headaches, depression and 
memory problems. Early diagnosis and treatment 
of associated conditions such as post-traumatic 
stress disorder and insomnia lead to the best 
outcomes, along with non-opioid treatment of pain 
and individualised exercise programmes. Repetitive 
concussions are associated with more problems, 
including neurodegenerative conditions. 
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Is brain injury more serious in children than 
in adults? 

Our brains are not fully developed until our mid to 
late-20s, and there is some evidence that brain 
injuries in young people may set them up for health 
problems later in life. In my opinion, children 
should not be subjected to repeat concussions 

and we should find safer ways for them to get 
exercise. However, this is a complicated area of 
investigation that has not yet produced definitive 
answers. [hope people will read my book so they 
can draw their own conclusions. 


What's the most interesting thing you are 
working on right now? 

The neuroscience of consciousness and 
neurotheology —the study of the brain and religion - 
are areas of research that excite me. 


Were you goodat science at school? 

I preferred biology and physics, possibly because 
my chemistry teacher joked about having to repeat 
explanations so the girls would understand. 


If you could have a conversation with any 
scientist, living or dead, who would it be? 
Sabina Strich, a pioneer in the study of brain injury, 
who died in 2015. She studied the microscopic 
damage that I explain in my book. I'd like to talk with 
her about the distinction between the mind and 
brain, and her life in Munich and later in England, 
after her family fled the Nazis. 


Do you have an unexpected hobby, and if 
so, please will you tell us about it? 

A beautiful and challenging jigsaw puzzle offers 

a distraction from the world and life's stresses. 

| also play the piano. 


What's the best thing you've read or seen in 
the past 12 months? 

Greta Thunberg is mobilising the rest of us to pay 
attention to climate science. She exemplifies the 
kind of activism that is necessary now. 


“Films depict 
concussion 
as a brief jolt 
to the head 
without lasting 


OK, one last thing: tell us something that will 

blow our minds. 

The human brain’s current configuration may only 
be about 40,000 years old. That greater capacity for 
thinking and creating has had helpful and harmful 
results. I’ve always been an optimist, but unless we 

figure out how to manage the darker side of our 


psyches, we will destroy the planet. ff con Seg uences. 
Elizabeth Sandel is a professor of physical But that IS far 
medicine and rehabilitation at the University of from the truth” 


California, Davis. Her new book is Shaken Brain: 
The science, care, and treatment of concussion 
(Harvard University Press) 
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